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Foreword 


The  first  volume  on  thoracic  sni'gery  in  the  histoiy  of  tlie  U.S.  Army 
Medical  Department  in  World  War  II  was  j)ublished  in  1963.  This  is  the 
second  and  final  volume  of  that  special  series. 

In  addition  to  administrative  considerations,  the  first  volume  set  forth 
the  routine  of  management  of  chest  injuries  from  emergency  care  on  the  battle 
field  to  final  rehabilitation  in  a  chest  center.  It  dealt  with  special  types  of 
wounds  and  with  complications  only  incidentally.  This  second  volume  deals  in 
detail  with  both  of  those  subjects,  both  of  which  deserve  most  careful  attention, 
for  many  of  the  concepts  set  forth  were  unknown  in  World  War  I  and  in  civilian 
thoracic  surgeiy  and  were  recognized  for  the  first  time  in  World  War  II. 

The  s^mdrome  of  the  wet  lung,  for  instance,  undoubtedly  existed  in  World 
War  I,  but  it  went  unrecognized  and  untreated,  and  its  sequelae — often  its 
lethal  sequelae — were  massive  atelectasis  and  pneumonitis.  Yet,  once  the 
existence  of  the  syndrome  was  recognized  and  its  pathophysiology  elucidated, 
its  prevention  became  a  relatively  sijiiple  matter  and  its  management  almost 
equally  simple. 

Similarly,  hemothorax  undoubtedly  existed  in  World  War  I,  but  again  its 
importance  in  military  surgery  was  not  realized,  and  such  concepts  as  were 
developed  about  it  were  later  proved  to  be  fallacious.  Correct  management — 
that  is,  simple  aspiration  of  the  chest — did  not  always  prevent  oig'anization  of 
the  retained  blood  and  did  not  always  prevent  infection  of  the  organizing  clot, 
or  even  hemothoracic  empyema,  but  it  usually  aborted  most  of  these  x^athologic 
processes.  If  organization  of  the  clot  did  occur,  decortication  was  the  solution 
of  the  problem  of  infection  and  hemotlmracic  empyema.  The  chest  cripples 
after  World  War  I  were  happily  absent  after  World  War  II. 

The  results  achieved  in  these  potentially  dangerous  complications  of  chest 
trauma  as  well  as  in  foreign  bodies  retained  in  the  lung,  the  heart,  and  the  great 
A-essels,  constitute  a  record  of  real  brilliance.  Exactl}^  how  brilliant  it  was  is 
evident  in  the  final  chapter  of  this  volume,  in  wliich  there  appears  the  record 
of  a  really  unique  endeavor,  the  followup,  in  1960-61,  of  a  small  group  of 
casualties  Avho  sustained  their  chest  injuries  in  1943-45.  The  series  is  small,  it 
is  true,  but  there  seems  every  reason  to  assume  that  the  excellent  status  of  this 
small  group,  whose  wounds  were  truly  critical,  is  an  index  of  the  status  of  most 
other  casualties  whose  wmunds  were  similarly  critical. 

Once  again,  as  in  the  first  volume  of  the  series,  I  would  express  my  thanks 
to  the  authors  and  editors  whose  devoted  work  has  ]nade  possible  the  production 
of  this  and  other  volumes  of  the  history  of  the  U.S.  Army  Medical  Department 
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in  World  War  II.  And  also,  as  in  the  first  volume,  I  would  pay  particular 
tribute  to  the  fine  work  of  Dr.  Frank  B.  Berr}%  Editor  for  Thoracic  Surgery, 
whose  enthusiasm,  patience,  and  wise  guidance  carried  this  project  past  its 
initial  difficulties  and  discouragements  to  a  highly  successful  conclusion. 

Leoxard  D.  IIeatox, 
Lieutenant  General^ 

The  Burgeon  General. 


Preface 


As  was  2>ointed  out  in  the  first  of  the  two  volumes  Avhich  make  up  the 
thoracic  surgery  series  in  the  history  of  the  U.S.  Army  Medical  Department  in 
World  War  II,  the  fact  that  the  story  could  not  be  told  in  one  volume  is  a  refiec- 
tion  of  how  this  specialty  came  of  age  in  the  Second  World  War. 

The  first  of  the  thoracic  surgery  volumes  includes  a  historical  note;  the 
general,  including  the  statistical,  background  of  thoracic  injuries;  administra¬ 
tive  considerations  in  the  Mediterranean  and  European  theaters  and  in  the  Zone 
of  Interior ;  and  the  routine  of  management  of  war  Avounds  of  the  chest  from 
emergency  care  on  the  battlefield  to  rehabilitation  in  a  thoracic  surgery  center. 

This  second  volume  deals  AAdtli  the  special  types  of  thoracic  Avounds  caused 
by  the  missiles  of  modern  Avarfare  and  Avith  the  management  of  their  complica¬ 
tions.  As  noted  in  volume  I,  the  Pacific  experience  Avill  be  related  in  the 
volume  dealing  Avith  surgery  in  the  Asiatic-Pacific  theater. 

Special  attention  is  devoted  in  Amlumc  II  to  certain  complications  of  these 
injuries  Avhose  significance  Avas  realized,  or  fully  realized,  for  the  first  time  in 
lYoihl  War  II. 

Petained  foreign  bodies  liaA^e  ahvays  constituted  a  fascinating  phase  of 
military  chest  surgery,  though  their  management  has  not  ahvays  been  as  dis¬ 
criminating,  and  therefore  as  successful,  as  it  eventuall}'  became  in  this  Avar. 
The  series  of  134  operations  performed  by  Lt.  Col.  DAvight  E.  Plarken,  MC, 
in  AAdiich  foreign  bodies  Avere  removed  from  the  heart  and  great  vessels,  con¬ 
stitutes  a  remarkable  achieA^ement.  There  Avere  no  deaths  in  the  series,  and 
all  of  the  patients  left  the  chest  centers  Avitli  normally  functioning  hearts.  The 
cai’diac  and  cardiovascular  operations  performed  at  this  and  other  chest  centers 
during  the  Avar  helped  to  lay  the  foundations  for  the  almost  miraculous  ad- 
Auxnces  in  this  field  since  the  Avar. 

The  concept  of  Avet  lung  Avas  developed  in  World  War  II  by  Maj.  Thomas 
II.  Burford,  MC.  The  methods  deAused  to  combat  it  prevented  graAm*  sub¬ 
sequent  complications  of  chest  Avounds,  As  a  result,  (he  huge  morbidity  that 
had  attended  these  injuries  in  World  lYar  I  AA^as  eliminated,  and  many  lix^es 
Avere  undoubtedly  saAmd. 

Ilejnoi borax  Avas  recognized  in  World  War  II  as  one  of  the  important 
complications  of  cliest  Avounds  and  as  an  antecedent  of  the  more  serious  com¬ 
plications  of  organizing  and  infected  hemothorax  and  hemothoracic  empyema. 
Prompt  and  adequate  aspiration  of  the  chest  Avas  a  simple  and  uniformly 
applicable  measure  of  management  that  eA'Cntualh^  came  into  general  use. 

Decortication  proA^ed  the  solution  in  patients  Avitli  liemot borax  AAliich  Avent 
on  to  organization  and  infection  because  of  bad  management,  or  in  spite  of 
sound  management.  The  operation  had  been  employed  earlier  for  the  type 
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of  eiiipyBiTia  usual  in  civilian  life,  but  not  for  complications  of  wounds  of  the 
chest.  Its  bold  and  imaginative  application  to  organized  hemothorax  and 
hemothoracic  empyema  by  Major  Burford  was  attended  with  such  good  results 
that  the  operation  promptly  came  into  general  use  throughout  the  theater. 

It  is  a  tribute  to  the  excellent  quality  of  the  chest  surgery  done  overseas 
that,  after  the  first  months  of  the  war,  relatively  little  active  treatment  was  re¬ 
quired  by  tlie  thoracic  casualties  evacuated  to  Zone  of  Interior  hospitals.  The 
thoracic  cripples  who  thronged  these  hospitals  after  World  War  I  were  almost 
never  ol)ser\'ed  in  World  War  II. 

By  tradition,  a  history  of  military  medicine  in  any  particular  Avar  has 
ended  Avith  the  end  of  the  fighting.  There  hav^e  been  almost  no  attempts  to 
determine  the  postAvar  results  of  special  methods  of  treatment.  Particular 
attention  is  therefore  directed  to  tlie  final  chapter  in  this  Amlume,  Avhicli  deals 
Avitli  the  clinical  and  roentgenologic  folloAvup,  in  1960  and  1961,  of  167  casual¬ 
ties  AAdio  sustained  chest  Avoimds  in  tlie  1946-45  period.  The  recorded  data 
represent  an  incredible  amount  of  time  and  ell'ort  on  tlie  pail  of  many  persons 
and  agencies,  but  the  followup  Avas  entirely  the  inspiration,  and  chiefly  the 
Avork,  of  Dr.  Lyman  A.  Brewer  III,  formerly  Maj.,  MC.  It  Avas  a  practical 
effort  because  the  groundwork  for  it  had  been  laid  during  the  Avar:  While  Dr. 
BreAver  Avas  serAung  as  a  thoracic  surgeon  Avith  the  2d  Auxiliary  Surgical  Group 
in  the  JMediterranean  theater,  he  kept  an  individual  record  for  each  casualty 
he  cared  for  personally.  The  selection  of  the  patients  Avhom  it  Avas  considered 
pradical  to  folloAvup  in  1960  and  1961  Avas  made  from  this  material. 

This  long-term  folloAvup  study  is  a  unique  and  praiseAVorthy  endeaAmr. 
It  is  unfortunate  that  more  such  attempts  have  not  been  made.  The  excellent 
clinical  and  roentgenologic  status  of  these  casualties  and  their  actWe  engage¬ 
ment  in  the  normal  activities  of  cAilian  life  give  testimony,  as  Dr.  Brewer 
concludes,  to  the  management  of  critical  thoracic  Avounds  during  World  War  II 
by  the  policies  and  practices  descril)ed  in  these  two  volumes. 

As  Avas  pointed  out  in  the  preface  to  the  first  of  these  tAvo  volumes,  it  Avould 
be  impossil)le  to  produce  books  of  the  range  of  these  Amlumes  on  thoracic  surgery 
without  the  painstaking  and  deAmted  assistance  of  a  great  many  persons  and 
agencies.  In  the  end,  for  a  variety  of  reasons,  the  chief  responsibility  for  the 
preparation  of  this  material  fell  upon  a  relativel}"  small  number  of  authors.  It 
is  a  pleasure  again  to  make  acknoAvledgment  to  them  : 

Dr.  Brian  Blades  (formerly  Col.,  MC),  Consultant  in  Thoracic  Surgery  to 
The  Surgeon  General  and  Chief,  Thoracic  Surgery  Section,  Walter  Eeed  Gen¬ 
eral  Plospital,  Washington,  D.C.,  during  World  War  II. 

Dr.  BreAver,  Avho  served  Avith  Team  'No.  2,  2d  Auxiliary  Surgical  Group,  in 
the  Mediterranean  theater  and  later  in  the  European  theater. 

Dr.  Burford,  Avho  served  Avith  Team  No.  6,  2d  Auxiliary  Surgical  Group, 
in  the  Mediterranean  theater. 

Dr.  B.  Noland  Carter  (formerly  Col.,  MC),  Assistant  Director,  Surgical 
Consultants  Division,  Office  of  The  Surgeon  General.  Dr.  Carter,  in  addition 
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to  preparing  the  chapters  which  carry  his  name,  reAheAved  the  entire  manuscript 
and  made  many  helpful  suggestions. 

Dr.  Michael  E.  DeBakey  (formerly  CoL,  MC),  Chief,  General  Surgery 
Branch,  Surgical  Consultants  Division,  Office  of  The  Surgeon  General,  and  noAV 
Chairman  of  the  Advisory  Editorial  Board  for  Surgery. 

Dr.  I-Iarken,  Regional  Consultant  in  Thoracic  Surgery  to  the  Senior  Con¬ 
sultant  in  Surgery,  European  theater.  Dr.  Harken  also  directed  the  chest 
center  at  the  160th  General  Hospital,  StoAA^ell  Park,  Gloucestershire. 

A  large  part  of  the  arPvork  Avas  Dr.  BreAver’s  original  conception,  and  he 
directed  the  preparation  of  all  of  it  from  beginning  to  end. 

Mr.  Milton  C.  Rossoff,  formerly  Assistant  Chief,  Statistical  Analysis 
Branch,  Medical  Statistics  Division,  Office  of  The  Surgeon  General,  collected 
and  tabulated  the  official  statistics  for  the  thoracic  surgery  volumes. 

^^ly  grateful  appreciation  is  due  to  Mrs.  Ethel  Bauer  Ramond,  Avho  served 
as  assistant  to  the  Associate  Editor  and  Avho  typed  the  entire  original  manu¬ 
script  Avith  notable  speed,  accuracy,  and  real  medical  intelligence. 

Grateful  acknoAAdedgment  is  also  due  to  a  number  of  the  personnel  of  The 
Historical  Unit,  U.S.  Army  Medical  Service : 

Maj.  Albert  C.  Riggs,  MSC,  formerly  Chief,  General  Reference  and  Re¬ 
search  Branch,  and  Mrs.  Esther  E.  Rohlader,  Assistant  Chief,  proAuded  much 
of  the  basic  data  for  these  Amlumes  and  patiently  and  efficiently  ansAvered  end¬ 
less  queries  and  tracked  doAAUi  numerous  obscurities  to  their  final  solution. 

Mrs.  Pauline  B.  Vivette,  Assistant  Chief,  Editorial  Branch,  prepared  both 
Amlumes  for  publication  and,  AAntli  the  assistance  of  Mrs.  Martha  R.  Stephens, 
Editor  (Printed  Media),  prepared  the  artAvork  and  its  layouts  in  editorial  style 
for  the  printer. 

Mrs.  Hazel  G.  Hine,  Chief,  Administrative  Branch,  handled  the  multiple 
details  connected  Avith  the  preparation  of  volumes  issued  under  GoAmmment 
auspices  and  also  supervised  the  final  typing  of  the  manuscript. 

Finally,  a  special  Avord  of  appreciation  is  due  to  two  other  persons  Avho 
worked  on  these  volumes : 

Miss  Elizabeth  M.  McFetridge,  Associate  Editor  for  the  surgical  series 
of  Amlumes,  Avho,  after  many  discouragements,  Avas  able  to  bring  together  the 
material  prepared  by  the  group  of  thoracic  surgeons  avIio  Avorked  in  the  Mediter¬ 
ranean  and  European  theaters  and  to  prepare  it  for  publication. 

Col.  John  Boyd  Coates,  Ji\,  MC,  former  Director,  The  Historical  Unit, 
U.S.  Army  Medical  Service,  and  Editor  in  Chief  of  the  history  of  the  U.S. 
Army  Medical  Department  in  World  War  II.  Colonel  Coates,  aaIio  served  in 
World  War  II  as  Executive  Officer,  Medical  DiAUsion,  Third  U.S.  Army,  saw 
the  unfolding  of  the  story  of  thoracic  surgery  in  the  European  theater  and, 
during  the  campaign,  Avas  in  frequent  contact  Avitli  the  Consulting  Surgeon, 
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Part  I 

SPECIAL  TYPES  OF  WOUNDS 
OF  THE  CHEST 


CHAPTER  I 


Special  Types  of  Thoracic  Wounds 

Lyman  A.  Breiver  III^  M.D,^  and  Thomas  H,  Burford,  M.D. 

WOUNDS  OF  THE  CHEST  WALL 

The  simplest  form  of  chest  wound,  the  type  which  involved  only  the  thoracic 
wall  and  produced  no  bony  or  visceral  injuries  (fig.  1),  always  had  one  serious 
possibility :  The  pain  which  followed  might  cause  voluntary  restriction  of 
respiration  and  of  the  cough  reflex,  which,  in  turn,  could  cause  retention  of 
secretions  and  introduce  the  problems  of  wet  lung.  Injuries  which  involved 
only  the  soft  parts,  such  as  abrasions  and  lacerations,  were  usually  not  serious. 
Those  associated  with  fractures  of  the  ribs  could  be  serious.  Contusions  of  the 
chest  wall  could  also  be  serious. 

An  occasional  patient  who  seemed  to  have  only  a  simple  contusion  of  the 
chest  wall  developed  pleural  eflusion,  apparently  because  the  pleura  had  shared 
in  the  trauma.  In  these  cases,  which  Avere  usually  diagnosed  as  traumatic 
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Figure  1. — Superficial  bullet  ^YOunds  of  chest  wall  not  mvolving 
bony  structures. 
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pleuritis  witli  effusion,  the  fluid  Avas  straw  colored  or  amber  and  had  the  char¬ 
acteristics  of  a  transudate.  Eepeated  aspiration  was  usually  the  only  treatment 
necessary,  but  in  an  occasional  case,  in  which  the  pleural  fluid  had  a  high  fibrin 
content,  clotting  occurred,  and  the  total  picture  Avas  suggestiA^e  of  clotted  hemo¬ 
thorax.  If  the  condition  remained  static,  decortication  might  be  necessary. 

Contusions  of  the  chest  AA^ere  also  responsible  for  some  intra thoracic 
hematomas  (p.  165) . 

Case  History 

The  folloAving  case  history  illustrates  the  intrathoracic  complications  that 
sometimes  folloAved  a  AAmund  of  the  chest  AA^all  not,  in  itself,  of  major  importance : 

Case  1. — This  casualty  was  picked  up  by  aidinen  between  1  and  2  hours  after  he  was 
wounded  by  shell  fragments  in  the  right  shoulder  and  left  knee.  When  he  was  received  in 
an  evacuation  hospital  11  hours  after  wounding,  he  was  found  to  have  a  perforating  wound 
of  the  right  upper  chest,  associated  with  a  moderate  hemothorax.  Wet  lung  was  demon¬ 
strated  clinically  by  many  loud  rales  and  rhonchi  and  was  confirmed  by  roentgenograms. 
Roentgenologic  examination  also  showed  comminuted  fractures  of  the  posterior  portion 
of  the  second  and  third  ribs,  and  possibly  of  the  fourth  rib,  on  the  right  side.  No  foreign 
bodies  were  visible  on  this  roentgenogram  nor  on  the  roentgenogram  of  the  left  knee,  which 
showed  an  epiphyseal  fracture  of  the  tibial  tubercle. 

Fourteen  hours  after  the  patient's  admission  to  the  hospital  the  wound  of  entrance 
just  below  the  outer  third  of  the  right  clavicle  was  widely  debrided  under  local  analgesia, 
and  a  large  amount  of  clotted  and  liquid  blood  was  evacuated.  A  small  fragment  of  the 
fractured  right  clavicle  was  removed.  The  wound  was  sprinkled  with  powdered  sul¬ 
fanilamide,  and  a  petrolatum-impregnated  gauze  dressing  was  applied.  Paravertebral  nerve 
block  with  procaine  hydrochloride  was  carried  out  at  the  level  of  the  seventh  cervical 
vertebra  and  the  first  through  the  fourth  thoracic  vertebrae.  The  hemothorax  was 
aspirated  through  the  seventh  intercostal  space  in  the  posterior  axillary  line,  and  the 
500  cc.  of  blood  thus  obtained  was  used  as  an  autotransfusion,  with  500  cc.  of  physiologic 
salt  solution.  Bronchoscopy  was  emqdoyed  to  clear  profuse  secretions  from  the  tracheo¬ 
bronchial  tree.  The  wound  of  the  left  knee  was  debrided. 

The  postoperative  course  was  satisfactory  for  the  first  4  days.  Then  paravertebral 
block  had  to  be  repeated  because  of  pain.  No  fluid  was  found  in  aspiration  at  this  time. 
On  the  eighth  day,  1,350  cc.  of  bloody  fluid  was  aspirated  from  the  right  chest.  Repeated 
aspiration  on  the  10th  day  produced  150  cc.  of  thick,  pinkish  fluid,  and  on  the  12th  day,  725 
cc.  of  thin  fluid  of  the  same  color  was  removed.  Thereafter  the  chest  was  dry. 

When  the  patient  was  evacuated  on  the  22d  postoperative  day,  he  had  entirely  recov¬ 
ered  from  his  chest  injury,  but  he  still  had  some  loss  of  function  of  the  upper  right  arm. 

Comment. — Contusion  of  the  chest  wall  was  present  to  some  degree  in  all  injuries  of 
the  chest  in  which  direct  violence  was  a  factor.  It  undoubtedly  played  a  part  in  the  case 
just  recorded,  helping  to  produce  both  wet  lung  and  hemothorax.  There  was  no  direct  com¬ 
munication  between  the  pleural  cavity  and  the  Avound  of  the  chest  wall. 

Although  this  patient  had  an  extensive  Avound  of  the  chest  Avail,  AAuth  hemothorax  and 
wet  lung,  there  Avas  no  indication  for  formal  thoracotomy.  The  infection  in  the  chest  Avail 
Avas  controlled  by  adequate  debridement.  The  lung  Avas  expanded  by  needle  aspiration  of 
the  blood  in  the  pleural  cavity,  thus  increasing  the  vital  capacity,  and  intercostal  nerve 
block  alloAA'ed  the  patient  to  breathe  deeply  and  cough  effectively  AAuth  relief  of  the  AA^et 
lung  syndrome. 
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SUCKING  WOUNDS 
General  Consideration 

A  sucking  wound  (fig.  2)  is  defined  as  a  wound  in  Avliich  there  is  more  or 
less  free  interchange  of  air  through  the  wound  betAveen  the  pleural  cavity  and 
the  outside  atmosphere.  The  term,  as  pointed  out  elseAYliere  (vol.  I),  is  both 
unsuitable  and  misleading,  and  bloAAung  AA^ound  is  preferable  noinenclature. 
Sucking  Avound,  hoAATver,  has  the  sanctioji  of  usage,  and  for  that  reason,  its  use 
is  continued  in  this  volume. 

Potentially,  if  not  actually,  all  penetrating  and  perforating  Avounds  of  the 
chest  observed  in  World  War  II  Avere  sucking  aa  ounds.  A  sucking  AAUund 
sometimes  sucked  (bleAv)  constantly  and  sometimes  only  Avhen  the  skin  and 
muscle  planes  Avere  in  a  certain  alinement.  The  regional  anatomy  frequently 
determined  Avhether  or  not  a  AAUund  sucked.  Generally  speaking,  a  large  AA'ound 
was  more  likely  to  suck  than  a  small  Avound,  but  size  Avas  not  the  most  important 
determining  factor.  A  relatiA^ely  small  Avound  in  the  anterior  chest  Avail,  2  cm. 
or  less  in  diameter,  might  suck  constantly  because  in  this  area  the  muscles  are 
scanty  and  the  interspaces  Avide.  A  larger  Avound  located  posteriori}-,  in  the 
heaA^y  muscles  of  the  back,  might  be  less  likely  to  suck. 

Other  considerations  also  determined  Avhether  or  not  a  Avound  sucked.  If 
the  missile  traversed  the  chest  at  such  an  angle  that  the  external  Avound  of  entiy 
Avas  at  a  considerable  distance  from  the  point  of  its  entrance  into  the  pleural 
cavity,  the  moAmment  of  the  intervening  muscles  of  the  chest  Avail  might  preA^ent 
the  Avound  from  sucking  at  one  moment  and  permit  it  to  suck  at  another.  If 
the  Avound  iiiAmlved  the  muscles  of  the  pectoral  girdle,  moA^ement  of  the  upper 
extremity  on  the  injured  side  might  so  realine  the  openings  in  the  skin  and 
pleura  that  sucking  occurred  constantly. 

Casualties  Avith  chest  injuries  Avere  usually  transported  supine  or  in  the 
sitting  or  semisitting  position,  but  not  many  Avere  Avounded  in  these  positions. 
Change  of  position  after  Avounding  therefore  influenced  the  bloAving  character¬ 
istics  of  the  Avound. 

Pathologic  Physiology 

Studies  by  Graham  {1)  (pp.  285-319  of  reference  cited)  Avith  Bell  in 
World  War  I  shoAved  that  a  Avound  that  exposes  the  lung  and  pleural  cavity 
is  not  necessarily  fatal.  It  can  be  tolerated  if  the  amount  of  air  entering  the 
Avound  from  the  exterior  is  not  greater  than  the  difference  betAveen  the  tidal 
air  and  the  original  vital  capacity.  In  the  absence  of  treatment,  the  outcome 
is  determined  by  the  size  of  the  Avound  and  the  original  vital  capacity. 

The  lung  on  the  injured  side  does  not  collapse  to  the  point  of  nonfunction 
Avhen  it  is  exposed  to  atmospheric  pressure  after  Avounding,  even  Avhen  the 
pleural  cavity  is  free  of  adhesions  (2).  Furthermore,  the  pressures  exerted  on 
the  exposed  lung  during  the  respiratory  cycle  are  not  ahvays  atmospheric. 

740-041'— 05 - 0 
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Eigukk  2. — Schematic  showing  of  pathologic  physiology  of  snckiiig  chest 
womicL  A.  Entrance  of  air  into  chest  on  inspiration  through  wound  in  chest 
wall  (a) ,  the  amount  of  air  being  directly  proportional  to  the  size  of  the  opening 
as  compared  with  the  surface  area  of  the  open  glottis.  Collai^se  of  lung  on 
affected  side  (b),  with  passage  of  air  out  of  affected  bronchus.  Entrance  into 
bronchus  of  some  air  from  collapsed  lung  (c),  with  passage  to  intact  lung. 
Shift  of  mediastinum  toward  uninvolved  side  (d),  hemothorax  (e).  B.  Escape 
of  air  on  expiration  through  sucking  wound  of  chest  wall  (a).  Expansion  of 
collapsed  lung  (b).  Passage  of  air  from  uninvolved  side  to  lung  on  involved 
side,  thence  out  trachea  (c),  producing  the  so-called  pendular  breathing.  Shift 
of  mediastinum  to  involved  side  (d).  Hemothorax  (e). 
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Figuke  2, — ContiunecL  C.  Packing  of  socking  wound  (a), 
after  which  respiration  becomes  more  iiormal.  tiemothorax 
(e).  D.  Development  of  tension  pnenmothorax  because  air 
cannot  escape  from  tear  in  lung  (a),  after  wound  is  adequately 
packed.  If  it  develops,  it  must  be  treated  by  closed  (catheter) 
drainage  of  cavity.  Hemothorax  (e). 
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The  thorax  is  a  flexible  container,  which  moves  during  the  respiratory  cycle, 
and  there  may  even  be  negative  pressure  in  the  exposed  side  during  inspiration. 
The  response  to  negative  intrapleural  pressure  occasioned  by  enlargement  of 
the  chest  on  inspiration  is  a  rush  of  air  through  the  glottis.  If  the  size  of  the 
traumatic  opening  is  less  than  tlie  size  of  the  glottis,  a  sufficient  amount  of  air 
enters  through  the  glottis  to  answer  the  tidal  air  requirements  and  for  func¬ 
tional  necessities,  and  there  is  no  danger  of  asphyxiation.  When,  however,  the 
size  of  the  wound  approaches  or  exceeds  the  size  of  the  glottis,  the  amount  of 
air  which  enters  the  chest  through  the  open  Avound  during  each  inspiration 
is  large  enough  to  interfere  with  the  tidal  air  requirement  intake,  and  asphyxi¬ 
ation  is  a  real  danger. 

Another  factor  must  also  be  taken  into  consideration  in  the  pathologic 
physiology  of  chest  Avounds,  interference  Avith  the  function  of  the  contralateral 
side.  In  the  healthy  person,  the  mediastinum  is  not  held  doAAUi  by  adhesions 
or  stiffened  by  piwious  inflammatory  disease.  It  is  therefore  capable  of  trans¬ 
mitting  pressure,  and  as  a  result,  the  intrathoracic  pressure  is  likely  to  be 
almost  identical  in  both  cavities.  In  other  Avords,  the  decrease  in  vital  capacity 
caused  by  an  open  Avound  of  the  chest  is  bilateral  in  the  normal  person,  Avhereas 
a  casualty  Avitli  a  stiffened  mediastinum  can  sometimes  tolerate  even  very  large 
Avounds. 

When  the  amount  of  air  entering  an  open  chest  Avound  during  each  inspira¬ 
tion  is  large  enough  to  interfere  Avith  the  tidal  air  requirement  intatze,  some 
degree  of  asphyxia  is  inevitable.  A  Aucious  circle  then  ensues: 

1.  There  is  an  initial  and  increasing  reduction  in  the  vital  capacity. 

2.  The  mediastinum  shifts  Avith  each  inspiration  and  expiration,  since  it 
is  no  longer  opposed  by  the  lung  on  the  injured  side. 

3.  The  mediastinal  shift  (flutter)  increases  in  rapidity  as  the  reduction 
in  Autal  capacity  increases. 

4.  The  mediastinal  shift  has  a  direct  and  deleterious  effect  on  the  right 
heart,  for  anatomic  reasons.  The  base  of  the  heart  is  fixed,  but  the  apex  is 
relatively  free.  The  apex  therefore  is  capable  of  movement  and  is  relatively 
unaffected  by  mediastinal  flutter.  The  base  is  incapable  of  movement,  and 
kinking  of  the  large  ATSsels  that  enter  the  right  side  of  the  heart  is  the  next 
consequence  of  this  phenomenon. 

5.  Pendulum  respiration  ensues  and  causes  a  further  decrease  in  the  Autal 
capacity.  On  each  exiiiration,  air  from  the  contralateral  lung,  Avith  its  prC' 
dominant  carbon  dioxide  content,  is  only  partly  exhaled.  The  residual  amount 
enters  the  main  and  secondary  bronchi  on  the  injured  side.  On  the  next 
inspiration,  the  air  taken  into  the  uninjured  lung  is  thus  composed  of  both 
atmospheric  air  from  tlie  trachea  and  air  from  the  injured  lung,  Avith  a  high 
carbon  dioxide  content. 
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Immediate  Management 

Casualties  with  large  sucking  wounds  Avere  usually  in  shock  and  non¬ 
transportable.  All  casualties  AAuth  actual  or  potential  sucking  AA^ounds  AA^ere 
alAA^ays  in  jeoj^ardy,  A^dlether  or  not  the  Avound  AA^as  bloAA’ing  at  the  particular 
monient  of  examination. 

Surgical  closure  AA^as  necessary  to  bring  about  permanent  restoration  of 
noi'inal  cardiorespiratory  physiology  and  to  prevent  intrapleural  infection. 
This  did  ]iot  mean,  hoAvever,  tliat  immediate  surgical  closure  Avas  necessainx 

Early  in  the  Avar,  in  obedience  to  the  dictum  that  all  sucking  Avounds 
should  be  closed  promptly,  attemi)ts  Avere  often  made  to  close  these  Avounds 
hastily  by  suture  as  soon  as  the  casualty  reached  the  most  foinvard  medical 
installation.  U.S.  Army  medical  ofllcers  promptl}-  learned,  just  as  British 
medical  officers  had  learned  (vol.  I),  that  this  Avas  a  disastrous  policy  unless 
ample  facilities  Avere  at  hand  for  debridement  and  careful  surgical  closure. 
These  facilities  Avere  not  available  ahead  of  a  held  hospital.  When  closure 
Avas  undertaken  Avithout  careful  preliminary  debridement,  one  or  all  of  seAwal 
complications  might  occur,  including  tension  pneumothorax;  extensive  sub¬ 
cutaneous  emphysema;  or  infection  of  the  Avound,  Avith  disruption,  Avhich 
produced  a  recurrence  of  the  original  sucking  Avound,  Avith  the  difference  that 
it  Avas  noAv  surrounded  by  tissues  that  Avere  infected  and  no  longer  suitable  for 
approximation.  The  incidence  of  empyema  Avas  liigh  in  Avounds  that  broke 
doAvn  after  repair.  It  reached  50  percent  in  some  series. 

That  treatment  Avas  a  matter  of  extreme  urgency  Avas  not  open  to  debate. 
It  Avas  also  quite  simple.  As  already  described  (vol.  I),  medical  aidmen  Avere 
originally  instructed  to  cover  sucking  Avounds  Avith  an  occlusive  dressing 
(hg.  2C).  Later,  all  chest  Avounds  Avere  treated  in  this  Avay,  on  the  ground 
that  a  Avound  that  did  not  suck  at  one  time  or  in  one  position  might  suck  in 
another.  On  the  battleheld,  any  type  of  dressing  that  Avas  aAuiilable  could  be 
used,  even  a  piece  of  clothing.  As  soon  as  the  casualty  Avas  brought  to  the 
battalion  aid  station,  the  temporary  dressing  Avas  replaced  by  a  larger  dressing, 
preferably  at  least  tAvice  as  large  as  the  Avound.  It  Avas  thickly  impregnated 
Avith  petrolatum  and  Avas  coA^ered  Avith  a  still  larger  gauze  dressing  held  firmly 
in  place  Avitli  strips  of  adhesive.  If  the  Avound  Avas  very  large,  coarse  sutures 
Avere  placed  through  the  skin  and  tied  OA^er  the  dressings. 

This  sort  of  dressing  closed  the  chest  efficiently  for  5  or  G  hours,  or  longer. 
During  this  period,  the  patient  Avas  transported  to  a  clearing  station  in  AAdiich 
it  Avas  determined,  by  triage,  AAdiether  he  should  be  transferred  to  the  adjacent 
held  hospital  for  emergency  surgery  or  could  safely  be  transj)orted  to  an  cA^ac- 
uation  hospital  farther  to  the  rear,  though  it  Avas  frequently  necessary  hrst  to 
change  the  dressing.  When  a  petrolatum-impregnated  gauze  dressing  had 
become  caked  Avith  blood,  it  had  stiffened  and  Avas  no  longer  pliable  enough  to 
act  as  a  one-Avay  A^alve.  A  needle  Avith  a  flutter  AUilve  attachment  Avas  usually 
placed  in  the  second  interspace  parasternally  to  proAude  for  the  escaj)e  of  air 
and  prevent  tension  pneumothorax  (hg.  2D) . 
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As  tlie  war  progressed,  emergency  management  of  sucking  wounds  became 
so  satisfactory  that  their  potential  seriousness  was  considerably  minimized. 

Surgical  Closure 

Small  wounds. — Small  sucking  wounds,  2  cm.  or  less  in  diameter,  although 
they  were  likely  to  blow  continuously  if  they  were  located  in  portions  of  the 
thoracic  cage  where  muscle  Avas  scanty,  could  usually  be  closed  Avithout  difficulty. 
Lacerated  skin  and  muscle  AA^ere  trimmed  aAvay,  and  accessible  rib  fragments 
Avere  remoA^ed.  Blood  and  clots  AA^ere  aspirated  from  the  pleural  caAnty  Avhen- 
eA’er  they  Avere  present.  In  the  absence  of  other  indications,  hoAAXver,  the 
wound  AYas  not  enlarged  into  a  formal  thoracotomy  for  exploration  or  for 
removal  of  small  metallic  foreign  bodies. 

The  pleural  defect  Avas  usually  closed  by  a  fcAV  sutures  in  the  intercostal 
muscle  or,  occasionally,  by  a  small  muscle  plug  in  lieu  of  a  pedicled  graft. 
The  more  superficial  muscles  and  the  subcutaneous  tissues  Avere  closed  in  layers, 
Avith  sutures  of  fine  interrupted  silk.  The  skin  Avas  left  open,  to  be  closed  at 
the  base. 

Intercostal  Avater-seal  drainage  of  the  ])leural  cavity  Avas  frequenf  ly  insti¬ 
tuted,  eA^en  in  small  Avounds,  both  because  the  lung  had  often  been  injured  and 
because  air  leakage  Avas  a  possibility. 

Large  AVOUnds.^Sucking  Avounds  associated  Avitli  large  defects  in  the  tho¬ 
racic  Avail  and  Avith  multiple  rib  fractures  Avere  usually  grossly  contaminated. 
Thorough  excision  of  devitalized  tissue  Avas  therefore  necessary,  together  Avith 
excision  of  all  loose  rib  fragments  and  of  3  to  6  cm.  of  the  damaged  costal  ends. 
Excision  Avas  thorough,  but  as  much  periosteum  and  intercostal  muscle  and 
fascia  Avas  preserved  as  seemed  safe.  I^Tien  a  debridement  had  been  carried  out 
according  to  these  principles,  a  traumatic  thoracotomy  had  often  been  accom¬ 
plished,  through  AAdiich  intrapleural  exploration  could  be  conducted.  Foreign 
bodies  Avere  removed  if  they  Avere  readily  accessible.  The  lung  Avas  sutured  if 
there  Avas  leakage  of  air  or  oozing  of  any  consequence  from  the  parenchyma. 
OthcrAvise,  no  lung  surgery  Avas  done  (p.  IT).  Tlie  pleural  cavity  was  thor¬ 
oughly  cleansed. 

The  adequate  exposure  necessaiy  for  the  debridement  of  large  sucking 
Avounds  often  made  for  difficulties  in  closure,  particularly  if  the  Avound  Avas  in 
the  anterior  chest,  Avhere  the  muscle  layer  Avas  scanty  and  the  interspaces  Avider. 
Suture  under  tension  had  to  be  aAmided.  It  Avas  alAvays  undesirable,  and  it  Avas 
particularly  undesii*able  in  contaminated  areas.  Even  AAdien  the  Avoimd  Avas 
located  basally,  the  diaphragm  Avas  never  used  to  close  the  pleural  defect  if 
other  tissues  could  be  utilized. 

Closure  of  the  deepest  layer  of  the  Avound  could  often  be  effected  by  using 
the  intercostal  structures,  periosteum,  and  deep  fascia.  If  large  segments  of 
ribs  had  been  removed,  these  tissues  Avere  relaxed  and  could  be  manipulated  more 
readily.  Eelaxing  incisions  in  the  long  axis  of  the  intercostal  bundles  Avere 
helpful. 
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When  necessary,  the  first  muscle  layer  could  be  reinforced  with  pedicle 
flaps  or  muscles  (vol.  I),  or  the  inferior  surfaces  of  the  deex3  muscles  could  be 
approximated  to  the  first  layer  of  the  closure  by  interrupted  sutures.  When 
muscle  tissue  had  been  lost,  subcutaneous  dissection  of  the  muscle  sometimes 
simx:»lilied  closure,  or  relaxing  incisions  might  be  emx)loyed  at  some  distance 
from  the  defect.  Tlie  subcutaneous  tissues  were  usually  closed,  but  skin  closure 
was  deferred.  The  dressings  were  applied  with  a  moderate  amount  of  pressure. 

Tension  pneumothorax  was  always  a  risk  after  a  sucking  wound  had  been 
closed.  Some  surgeons  considered  careful  postox)er alive  observation  the  only 
X^recaution  ]iecessary.  Others  x:)referred  to  use  a  safety  valve  in  the  form  of  a 
catheter  with  a  flutter  valve  or  a  large-bore  needle  in  the  second  anterior 
interspace. 

Since  the  emx^yema  rate  was  greater  in  sucking  wounds  associated  with 
large  defects  of  the  thoracic  wall,  x)osterolateral  closed  intercostal  drainage  was 
sometimes  emx^loj^ed.  A  second  intercostal  tube  in  one  of  the  uxDX^er  anterior 
intercostal  sx^aces  was  useful  in  encouraging  promxit  reexpansion  of  the  ux:>X^^^ 
lobe.  If  emxoyema  occurred,  it  was  then  limited  to  the  base  of  the  lung.  If 
X^enicillin  or  a  sulfonamide  had  been  instilled  into  the  chest  and  the  posterior 
tube  liad  been  temx^orarily  clamped  off,  the  anterior  tube  could  be  relied  ux^on 
to  facilitate  x^rompt  expansion  of  the  lung. 

FRACTURES  OF  THE  RIBS  AND  ADJACENT  STRUCTURES 

Simple  Fractures 

Simxile  fractures  of  the  ribs  were  not  common  in  combat-incurred  injuries. 
When  they  Avere  encountered  in  combat  zones,  they  Avere  usually  the  result  of 
traffic  or  other  civilian-type  accidents.  Relief  of  pain  Avas  secured  by  inter¬ 
costal  nerA'e  block.  StraxAping  Avas  not  x)racticed. 

Solid,  x^^'ihiless  healing  of  simxAle  rib  fractures  required  about  6  AA'eeks. 
If  seAnral  ribs  Avere  fractured,  another  2  or  3  Aveeks  had  to  elax^se  before  the 
patient  could  resume  his  full  actiAuties. 

SimxAle  fractures  represented  no  threat  to  life,  but  they  accounted  for  a  con¬ 
siderable  loss  of  manxAOAver  because  of  the  time  required  for  total  coiwalescence. 

Costochondral  separations  were  remarkably  infrequent.  They  Avere  man¬ 
aged,  like  simxAle  fractures,  by  intercostal  nerA^e  block.  RecoA^ery  was  usually 
promxAt,  but  even  if  at  the  costochondral  joint  Avas  x^ersistent,  joint 

resection  Avas  iieA-er  XAracticed. 

SimxAle  fractures  of  the  claAdcle  Avere  managed  by  standard  measures. 
Wiring  Avas  unnecessarily  radical ;  it  enhanced  the  chances  of  infection  and  could 
give  rise  to  supi)^^ration,  Avhich  often  was  prolonged.  Such  heroic  surgery  Avas 
occasionally  encountered  early  in  the  Avar,  but  it  Avas  neA^er  performed  by  XAhysi- 
cians  aAvare  of  the  essential  function  of  the  clavicle  and  of  its  excellent  natural 
caxAacity  for  recovery  from  trauma. 


12 


THORACIC  SURGERY 


Simple  fractures  of  tlie  scapula  Avere  also  infrequent  in  AA^ar  Avounds.  They 
recpiired  only  immobilization  of  the  shoulder  by  a  sling. 

AcromiochiAncular  and  sternochwicular  injuries  as  Avell  as  fractures  of  the 
glenoid  fossa  required  special  orthopedic  care.  Since  they  were  not  managed 
primarily  by  thoracic  surgeons,  they  are  discussed  in  the  volumes  on  orthopedic 
surgery  in  this  series. 


Compound  Fractures  of  the  Ribs 

About  75  percent  of  all  combat-incurred  penetrating  and  perforating 
AA’ounds  of  the  chest  Avere  associated  Avith  compound  fractures  of  one  or,  more 
often,  of  seA^eral  ribs.  The  scapula  and  clavicle  Avere  often  similarly  injured, 
and  comminution  of  the  bony  structures  might  be  extreme. 

Pathologic  process.— Occasionally,  a  tangential  injury  to  the  chest  re¬ 
sulted  in  the  fracture  of  one  or  more  ribs  in  such  a  manner  that  the  sharp  edges 
of  the  fractured  ribs  penetrated  the  pleura  even  though  the  missile  itself  did 
not.  Bone  fragments  from  fractured  ribs,  because  of  their  irregular,  jagged 
edges  and  the  respiratory  moA^ements  of  the  chest,  sometimes  caused  long, 
ragged  pulmonary  lacerations  and  other  damage  more  serious  than  that  caused 
by  the  original  missiles.  Even  if  this  did  not  happen,  penetration  of  the  intact 
pleura  by  bone  fragments  could  cause  a  pneumothorax,  and  continued  trauma 
to  the  lungs  by  embedded  bone  fragments  resulted,  in  a  feAv  cases,  in  both 
empyema  and  lung  abscess.  Both  infection  and  sequestration  Avere,  lioAveA^er, 
remarkably  infrequent,  because  of  the  almost  uniA'ersal  practice  of  adequate 
debridement  in  forAvard  hospitals. 

Flail  chest. — Flail  chest,  Avith  paradoxical  respiration,  resulted  from 
multiple  fractures  of  several  ribs.  It  Avas  not  often  seen,  but  it  Avas  extremely 
serious  because  of  the  consequent  reduction  in  vital  capacity  (fig.  3) .  The  more 
the  chest  Avail  Avas  sucked  in  toAvard  the  contralateral  side  during  inspiration 
and  the  less  it  returned  to  the  normal  position  on  expiration,  the  greater  Avas 
the  decrease  in  vital  capacity  and  the  more  the  patient  compensated  by 
breathing  faster. 

Immediate  management.— The  immediate  treatment  of  fractured  ribs 
(fig.  4)  Avas  the  relief  of  pain  by  intercostal  nerve  block,  Avhich  usually  lasted 
for  24  hours  or  more.  When  the  casualty  Avas  able  to  breathe  deeply,  cough, 
and  raise  sputum,  he  became  transportable,  if  associated  Avounds  did  not  require 
foi-Avard  surgery,  and  definiti\  e  treatment  could  be  deferred  until  he  reached  an 
evacuation  hospital . 

Adhesive  strapping  Avas  ]Aractically  neATr  used.  It  Avas  often  unsuccessful 
in  accomplishing  immobilization  and  relleAung  pain,  and  the  adhesiA^e  often 
caused  additional  discomfort.  Strapping  Avas  also  unphysiol ogic.  Many  pa¬ 
tients  Avith  fractures  of  the  ribs  shoAved  A^arying  degrees  of  AAet  lung  Avith  in¬ 
creased  bronchial  secretions  and  intrapulmonary  bleeding.  Raising  the  fluid 
Avould  have  been  difficult  or  impossible  because  of  pulmonary  compression  and 
the  restriction  of  expansion  of  the  chest  caused  by  strapping. 
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Figuke  4. — Maiiageineiit  of  flail  chest.  A.  Intercostal  nerve 
block,  to  block  painful  imimlses  on  atfectecl  side  and  thus  cut  down 
l>aradoxical  respirations  and  allow  for  deeper  breatliinj;-  and  more 
effective  cough.  (For  further  details  of  technique,  see  tig.  68, 
p.  220.)  B.  Ai)plication  of  circumferential  elastic  binder,  to  pre¬ 
vent  chest  wall  from  ballooning  out  on  inspiration  and  to  allow 
diaphragm  to  function  more  effectively. 
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Figuke  4. — Contiiuied.  C.  Overhead  traction.  Whether  the  in¬ 
jury  is  a  fracture  of  the  sternum,  the  cartilages,  or  the  rihs,  the 
paradoxically  moving  portion  of  the  chest  may  be  stabilized  by  the 
use  of  large  towel  clips  fixed  into  the  ribs  or  other  damaged  structures 
or  by  wire  passed  underneath  them.  Stabilization  could  usually  be 
accomplished  successfully  by  the  use  of  two  pulleys  and  weights,  of  not 
more  than  5  pounds.  D.  Wire  splint,  fixed  on  either  side  of  flail 
portion  of  chest,  supports  towel  clips  or  wires  attached  to  the  fractured 
ribs  by  means  of  rubberbands. 
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Ill  civilian  practice,  a  patient  with  flail  chest  would  be  ideally  treated  in  a 
respirator.  This  was,  of  course,  completely  impractical  in  military  surgery. 
Xerve  block  often  resulted  in  a  considerable  impro\Tment  in  symptoms  and  a 
considerable  reduction  in  the  paradoxical  movement  of  the  chest  wall.  If  it 
was  not  successful,  adhesive  strapping,  undesirable  as  it  was,  sometimes  had 
to  be  employed,  or  an  elastic  binder  was  used.  Positioning  with  sandbags  was 
occasionally  useful,  but  traction  Avas  seldom  employed.  If  simpler  measures 
were  not  succeessful,  operation  had  to  be  resorted  to.  Costal  fixation  was 
secured  by  })lacing  stainless  steel  wire  or  heavy  silk  through  the  ends  of  the 
shattered  ribs.  Tracheotomy  was  sometimes  necessary  also. 

Surgical  management. — The  surgical  management  of  fractures  of  the  ribs 
required  careful  individualization  of  patients.  In  most  instances,  deliridement 
could  be  limited  to  the  soft  tissues.  If  the  Avound  Avas  tangential,  there  might 
be  extensiAT  comminution  of  from  three  to  five  ribs  Avithout  penetration  of  the 
pleura.  Often  the  greater  portion  of  the  damage  Avas  subscapular.  In  a  feAv 
cases,  roentgenograms  shoAved  Avhat  looked  like  a  picket  fence  of  bony  spicules 
along  the  parietal  pleura. 

WheneATr  debridement  included  the  remoA^al  of  irregular,  sulipleural  rib 
fragments,  the  pleural  cavity  Avas  necessarily  entered,  and  the  surgeon  had,  in 
etfect,  performed  a  thoracotomy.  He  had  to  have  sound  reasons  for  extending 
the  Avound  and  increasing  the  magnitude  of  the  o})eration.  The  mere  presence 
of  bone  fragments  Avithin  the  pulmonary  parenchyma  Avas  not  an  indication 
unless  they  seemed  responsible  for  continued  bleeding  or  for  an  air  leak. 

One  exception  to  this  generalization  Avas  the  presence  of  fragments  partly 
Avithin  the  pulmonary  parenchyma  and  partly  Avithin  the  pleural  space.  Frag¬ 
ments  in  this  location  could  produce  a  good  deal  of  trauma  Avhen  tlie  lung  re- 
ex])anded  and  they  came  into  contact  Avitli  the  chest  AA’all.  Both  air  leaks  and 
infections  AA^ere  possible  sequelae.  A  number  of  cases  Avere  obserATd  in  Avhich 
the  lung,  the  pleural  cavity,  and  the  chest  Avail  Avere  all  iiiAnlATd  in  the  infection 
that  folloAved  debridement  carried  down  only  to  the  muscles,  the  bone  frag¬ 
ments  being  left  in  situ. 


WOUNDS  OF  THE  LUNGS 
General  Considerations 

Lacerations  of  the  pulmonary  parenchyma  Avere  encountered  in  practically 
all  perforating  chest  Avounds.  They  Auiried  from  small  puncture  Avounds  to 
ATry  extensi AT  lacerations. 

When  surgeons,  early  in  the  A^'al•,  first  encountered  badly  contused, 
lacerated,  boggy,  hemorrhagic  lungs,  they  found  it  hard  to  refrain  from 
immediate  lobectomy.  In  fact,  this  operation  Avould  probably  have  been  done 
rather  often  if  the  casualties  had  not  been  in  such  poor  general  condition  or 
had  not  had  associated  major  Avounds.  For  these  reasons,  pidmonary  surgery 
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was,  of  necessity,  limited  to  simple  suture.  The  sutures,  also  of  necessity,  were 
superficial,  since  the  friable,  hemorrhagic  tissues  were  incapable  of  holding 
deep  sutures.  The  practice  was  to  perform  one-layer  closure,  Avith  interrupted 
sutures  of  fine,  nonabsorbable  material  on  an  atraumatic  needle.  It  proved 
sui’prisingly  easy  to  secure  an  airtight  closure  in  this  manner,  one  reason  being 
that  the  tendency  to  leakage  Avas  diminished  by  the  fact  that  the  damaged 
lung  Avas  someAvhat  sIoav  to  aerate  completely.  Roentgenograms  examined 
2  or  3  Aveeks  after  suigery  shoAved  remarkable  clearing  of  the  lung  fields,  and 
clearing  Avas  usually  complete  in  6  to  8  Avceks. 

One  reason  for  these  good  results  can  be  explained  in  the  form  of  an 
analogy :  Engineers  found  that  the  best  protection  for  Aviring  in  airplanes  Avas 
simply  to  fasten  the  Avires  loosely  along  the  side  of  the  plane.  Missiles  that 
passed  through  Avires  thus  placed  seldom  damaged  all  of  them,  Avhereas  if  the 
Aviring  had  been  placed  in  a  conduit,  a  single  bullet  that  struck  the  container 
could  cliAude  all  of  the  AAures  in  it.  The  same  phenomenon  AA^as  obseiwed  in  the 
lung.  The  blood  A^essels  are  surrounded  by  an  elastic  medium  that  permits  them 
to  be  easily  displaced  in  any  direction  Avhen  a  foreign  body  strikes  them.  As  a 
result  of  this  physiologic  capability,  damage  to  the  lungs  Avas  frequently  more 
limited  than  it  might  otherAvise  have  been. 

The  real  explanatioii  of  the  tremendous  recuperatiA^e  poAver  of  the  lung 
is  its  dual  blood  supply,  through  the  pulmonary  and  bronchial  arterial  systems. 
The  blood  supply,  being  in  the  form  of  a  tree,  Avas  irreparably  damaged  only 
Avhen  the  trunk  Avas  severed.  Since  all  the  major  blood  vessels  branch  out 
radially  from  the  hilus,  they  had  to  be  damaged  near  the  point  of  origin  to 
cause  lethal  damage  to  the  pulmonary  parenchyma.^  Undoubtedly  there  Avere 
)nany  such  injuries  in  World  War  II,  but  the  casualties  Avho  sustained  them 
did  not  live  long  enough  to  reach  field  hospitals. 

Management  in  Forward  Hospitals 

As  the  Avar  progressed,  the  policy  of  leaving  small  lacerations  of  the  lung 
un sutured  became  general.  No  untoAvard  effects  Avere  noted.  Untreated  lungs 
Avere  found  to  expand  as  Avell,  and  about  as  rapidly,  as  lungs  Avhicli  had  been 
sutured.  These  observations  bore  out  the  theory  that  the  surrounding  airless 
lung,  Avhen  it  Avas  infiltrated  by  blood,  prevented  postoperative  parenchymal 
pleural  fistulas. 

EATuitually  it  became  the  custom  to  suture  lacerations  of  lung  tissue  only 
on  the  folloAving  indications : 

1,  Obvious  parenchymal  pleural  fistulas. 

2.  Large  lacerations,  chiefly  to  reduce  the  amount  of  postoperatiA^e 
drainage. 

1  AA'ui-time  observations  are  borne  out  by  a  series  of  experiments  on  the  pathologic  effects  of 
foreign  bodies  in  the  pulmonary  artery  reported  in  1959  (3).  These  studies  showed  that  the  lung  can 
recuperate  when  a  branch  of  the  artery  or  the  lobar  pulmonary  artery  is  completely  blocked.  Only 
when  the  main  artery  is  blocked  wdll  the  pathologic  changes  be  irreversible.  Severe  pathologic  changes 
result,  however,  when  the  bronchial  artery  and  the  pulmonary  artery  to  the  involved  lobe  are  blocked. 
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o.  Lacerations  bleeding  into  the  pleural  cavity. 

4.  Lacerations  bleeding  into  the  tracheobronchial  tree. 

It  was  logical  to  repair  pulmonary  lacerations  that  were  oozing  actively  or 
that  presented  serious  air  leaks.  It  was  particularly  imjiortant  to  suture  lacera¬ 
tions  that  were  bleeding  into  the  tracheobronchial  tree.  In  these  circumstances, 
even  with  repeated  endotracheal  suction,  it  would  have  been  difficult  to  keep 
the  airway  free  of  blood. 

If  the  chest  was  to  be  drained,  closure  of  a  small  air  leak  was  not  considered 
important.  Air  leaks  were  identified  by  tilling  the  hemithorax  with  physiologic 
salt  solution  under  pressure  of  10  to  15  mm.  H^O;  it  was  necessary  that  the 
lung  be  completely  covered  with  the  solution. 

There  was  no  indication  for  pulmonary  repair  in  the  contusion  type  of 
injury,  since  it  caused  either  scattered  areas  of  hemorrhage  in  both  lungs,  as  in 
blast  injuries,  or  massive  bleeding  that  involved  all  the  lobes.  This  therapeutic 
point  of  view  is  in  interesting  contrast  to  tlie  World  War  I  concer)t  that  all 
hemorrhagic  infiltrations  (‘tsplenizations'')  had  to  be  resected  if  a  fatal  issue 
were  to  be  prevented  (4) . 

Occasional  small  XDeripheral  wedge  resections  were  performed  for  localized 
areas  of  necrosis  around  foreign  bodies.  Otherwise,  there  were  few  valid  indi¬ 
cations  for  resection  in  forward  hospitals.  They  Avere  limited  to: 

1.  Irreparable  damage  to  a  major  bronchus. 

2.  Partial  traumatic  amputation  of  a  portion  of  a  lobe  in  which  the  bronchi 
had  been  transected  and  little  or  no  blood  supply  remained. 

3.  Damage  to  major  ])ulmonaiT  vessels  of  sucli  a  character  as  to  require 
complete  ligation.  Very  few  2^^dients  in  this  category  lived  long  enough  to 
reach  a  forAvard  hospital. 

The  records  of  the  2d  Auxiliary  Surgical  Group,  coA^ering  2,267  thoracic 
and  thoracoabdominal  Avounds,  shoAV  only  a  single  lobectomy  in  a  forAvard  hos¬ 
pital,  on  a  patient  AAdio  died  in  the  course  of  the  operation.  Pneumonectomy 
Avasnot  attempted  in  any  instance. 

Management  in  Base  Hospitals 

Even  in  base  hospitals,  indications  for  pulmonary  resection  seldom  arose. 
An  occasional  peripheral  Avedge  resection  Avas  performed,  as  in  forAvard  hos¬ 
pitals,  to  remove  a  localized  area  of  necrosis  around  a  foreign  body  or  on  the 
indication  of  a  small  peripheral  posttraumatic  abscess  or  multiple  broncho¬ 
pleural  fistulas.  The  tissue  to  be  excised  Avas  held  betAveen  clamps.  After 
hemostasis  had  been  secured,  the  raw  edges  of  the  lung  Avere  sutured  together, 
and  the  edges  of  the  pleura  Avere  inverted  Avitli  tAvo  roAvs  of  interrupted  sutures 
of  fine  silk.  Air  leakage  did  not  occur  Avith  this  type  of  suture. 

The  experience  of  the  2d  Auxiliary  Surgical  Group  shoAvs  Iioav  infrequent 
Avas  the  need  in  World  War  II  for  the  radical  excision  of  lung  tissue.  Maj. 
Thomas  H.  Burford,  MC,  and  Maj.  (later  Lt.  Col.)  Paul  C.  Samson,  MC,  found 
it  necessary  to  perform  only  one  lobectomy  and  only  tAvo  total  pneumonectomies 
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in  the  base  hospitals  in  which  they  worked.  In  retrospect,  they  questioned  the 
wisdom  of  all  three  operations : 

The  lobectomy  was  performed  for  a  massive  liquefied  hematoma  of  the 
upper  lobe,  which  had  shown  no  evidence  of  regression  over  a  4- week  period. 
The  patient  died  on  the  operating  table.  In  this  case,  simple  external  drainage 
would  probably  have  been  wiser. 

The  first  pneumonectomy  was  performed  on  the  indication  of  a  chronic 
fistulous  tract  resulting  from  a  penetrating  shell-fragment  wound.  The  tract 
was  more  than  1  cm.  in  diameter  and  extended  through  both  upper  and  lower 
lobes  at  the  hilus.  Surgical  obliteration  was  impractical.  The  patient  sur¬ 
vived  the  pneumonectomy  but  eventually  died  from  emp^'ema  and  purulent 
pericarditis. 

The  second  pneumonectomy,  in  which  death  occurred  from  the  same  causes, 
was  performed  on  the  indication  of  multiple  recurrent  fistulas,  a  collapsed  lung, 
and  an  infected  hemothorax.  The  original  injury  was  a  perforating  wound 
from  a  rifle  bullet.  Pathologic  examination  of  tlie  excised  specimen  showed 
multiple  areas  in  Avliich  alveoli  Avere  ruptured,  and  Avidespread  vascular  damage 
Avas  indicated  b}^  thrombosis  of  numerous  small  A-essels.  In  this  case,  it  AA^ould 
probably  have  been  Aviser  merely  to  drain  the  emx)yema  and  accept  the  collapse 
of  the  in j ured  lung  as  permanent. 

The  results  in  these  cases  show  that  the  mortality  for  pulmonary  resection 
performed  for  thoracic  injuries  or  their  sequelae  is  so  high  that  operations  of 
this  sort  are  seldom  if  ever  indicated.  They  should  be  undertaken  only  on 
clear-cut  indications  and  only  after  the  inost  careful  consideration. 

In  the  IMediterranean  theater,  an  increasingly  conservatwe  attitude  toAvard 
lobectomy  and  pneumonectomy  Avas  gradually  crystallized  as  experience  in  the 
management  of  combat-incurred  casualties  increased.  In  the  last  year  of  the 
war.  in  treating  a  series  of  338  chest  injuries  at  the  21st  Greneral  Plospital,  ]\Iaj. 
Lyman  A.  BreAver  III,  MC,  found  no  indication  for  lobectomy  in  any  of  the 
patients.  In  one  case,  it  Avas  thought  that  lobectomy  might  be  necessary  later, 
but  the  decision  Avas  deferred  until  the  lung  had  had  a  chance  for  maximum 
recoATuy  and  the  patient  could  be  studied  more  deliberately  in  the  Zone  of 
Interior. 


WOUNDS  OF  THE  MEDIASTINAL  STRUCTURES 
General  Considerations 

Wounds  of  tlie  mediastinal  structures  Avere  uncommon  in  forAvard  hos¬ 
pitals,  chiefly  because  injuries  to  adjacent  Autal  structures  AAvre  usually  lethal. 
Mediastinal  Avounds  included  injuries  of  the  larger  hilar  blood  A^essels,  Avhich 
AAvre  usually  promptly  fatal;  injuries  of  the  intrathoracic  trachea  and  major 
bronchi;  and  injuries  of  the  esophagus.  Diagnosis,  Avhich  Avas  difficult  and 
confusing,  AA^as  based  upon  the  folloAAung  considerations : 


20 


THORACIC  SURGERY 


1.  The  projected  course  of  the  missile  was  the  most  useful  index  of  possible 
damag-e. 

2.  Signs  of  continuing  intrapleural  hemorrhage  AA^ere  frequently,  but  not 
necessarily,  present  AAdien  a  large  blood  A^essel  had  been  injured. 

3.  Injuries  to  tlie  trachea  and  major  bronchi  caused  a  rapid  accumulation 
of  air  in  the  pleural  caAdty,  freqently  under  increased  pressure.  WheneA^er 
leakage  of  air  continued,  it  could  be  assumed  that  a  bronclius  or  branch 
bronchus  had  been  injured. 

4.  Mediastinal  emphysema  of  A^arying  degrees  AA'as  frequently  present,  as 
the  result  of  AYOunds  of  the  hilar  bronchi,  trachea,  or  subglottic  larynx,  though 
in  the  experience  of  the  2d  Auxiliary  Surgical  Group,  the  air  aaiis  iieA^er  under 
sufficient  pressure  to  obstruct  the  A^enous  return  to  tlie  heart  and  giA^e  rise  to 
symptoms.  It  Avas  the  opinion  of  these  surgeons  that  most  of  the  symptoms 
ascribed  in  the  literature  to  mediastinal  emphysema  AA^ere  more  probably  caused 
by  an  unrecognized  associated  pressure  pneumothorax.  The  ease  AAuth  Avhich, 
in  many  cases,  air  in  the  mediastinum  dissected  into  the  pleural  caAdty  Awas  ex¬ 
plained  b}^  the  absence,  in  most  World  War  II  soldiers,  of  old  pleural  disease 
and  subsequent  pleural  thickening  and  adhesions.  The  most  frequent  clinical 
CAudence  of  mediastinal  emphysema  aa^is  a  precordial  crunch  or  click 
synchronous  AAuth  the  heartbeat. 


Management 

Correction  of  the  pressure  pneumothorax  usually  stabilized  the  patient 
sufficiently  to  permit  AAdiateA^er  surgery  aatts  necessary.  Onlj^  occasionally  AA^ere 
suprasternal  incisions  into  the  deep  fascial  planes  necessary  as  an  emero'encA^ 
procedure  to  relieA^e  emphysema. 

Exploration  in  injuries  of  the  mediastinum  AA^as  usually  cai’ried  out  for 
one  of  tAAm  reasons,  suspected  injury  to  the  esophagais  or  continued  bleeding 
from  large  A^essels  or  from  the  heart.  The  mere  demonstration  of  shell  fraa’- 
ments  AAuthin  the  mediastinum  AA^as  not  considered  a  sufficient  indication  for 
surgery  in  the  absence  of  one  or  the  other  of  these  indications. 

Enlargement  of  the  mediastinum  by  extraA^asation  of  blood,  as  demon¬ 
strated  by  roentgenograms,  AA^as  not  an  indication  for  exj^loration  unless  there 
Avere  also  signs  of  obstruction  of  the  superior  A^ena  caA^a,  as  shoAAUi  by  progressAe 
SAA^elling  of  the  ceiwical  A^eins  or  unless  progressh^e  enlargement  of  the  medi¬ 
astinal  shadoAA’  suggested  continued  hemorrhage.  Considerable  enlargement 
of  the  superior  mediastinum  sometimes  accompanied  Avounds  of  the  neck  as  the 
result  of  dissection  into  it  of  blood  from  a  cerAucal  A’essel.  It  AA^as  the  rule  to 
iiwestigate  Avounds  in  the  neck  thoroughly,  before  proceeding  Avith  such  ex- 
tensiA-e  operations  as  remoA-al  of  a  part  of  the  claAOcle  and  the  sternum,  in  the 
hope  that,  eA-en  if  the  missile  AA^as  in  the  superior  mediastinum,  the  source  of  the 
hemorrhage  might  be  reached  from  aboA^e  or  might  become  accessible  by  ex¬ 
posure  at  the  base  of  the  neck.  IWien  a  missile  in  this  region  could  not  be 
readily  remoA^ed,  the  area  could  be  drained  through  the  cervical  Avound. 
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This  injury  will  always  produce  a  pneumothorax  with  leakage  of  large 
amounts  of  air  even  under  closed  drainage  with  strong  suction.  Thoracotomy 
is  indicated. 


As  a  matter  of  convenience,  wonnds  of  the  trachea  and  bronchi  and  oi  the 
e.sop]iao*us  are  discussed  separately. 

WOUNDS  OF  THE  TRACHEA  AND  BRONCHI 
General  Considerations 

Injuries  of  the  intrathoracic  trachea  and  main  bronchi  were  extremely 
uncommon  in  forward  hospitals,  chiefly  because,  if  they  were  of  consequence, 
death  promptly  occurred  on  the  battlefield.  The  few  patients  who  survived 
to  reach  the  hospital- — ^there  were  only  4  in  the  2,267  thoracic  and  thoracoab¬ 
dominal  injuries  encountered  by  the  thoracic  surgical  teams  of  the  2d  Auxiliary 
Surgical  Group — Avere  in  severe  cardiorespiratory  imbalance.  None  of  them 
presented  a  sizable  intrathoracic  laceration  of  the  trachea. 

Unless  casualties  Avith  this  kind  of  injury  had  also  sustained  a  traumatic 
thoracotomy,  Avounds  of  major  bronchi  Avere  characterized  by  a  rapid,  complete 
collapse  of  the  affected  lung,  associated  Avith  an  extreme  degree  of  pressure 
pneumothorax  (fig.  5).  Subcutaneous  emphysema  might  be  extreme,  extend- 
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ing  from  the  scalp  down  to,  and  into,  the  testicles.  When  the  trachea  was  the 
site  of  a  major  wound,  both  lungs  were  collapsed  and  the  patient  usually  died 
very  quickly. 

These  findings,  combined  Avith  the  location  of  the  missile,  pointed  to  the 
diagnosis,  particularly  in  injuries  of  the  trachea.  The  only  possible  source  of 
confusion  aa^xs  a  sucking  AAmund  at  the  apex  of  the  lung  anteriorly,  Avhicli  might 
be  mistaken  for  a  perforation  of  the  trachea. 

Management 

In  AA'oimds  of  the  trachea  and  bronchi,  immediate,  adequate  decompres¬ 
sion  Avas  impei’ative.  It  aa^xs  best  accomplished  by  the  introduction  into  the 
second  interspace  anteriorly  of  a  large  catheter,  AAdiich  AA^as  connected  Avith  a 
Avater  trap.  Large  amounts  of  blood  AATre  freqxiently  j)resent  in  the  pleura, 
and  unless  thoracentesis  Avas  also  carried  out  promptly,  the  2:)atient  could  droAAUi 
from  the  sxidden  entrance  of  this  blood  into  the  tracheobronchial  tree.  The 
diagnosis  AA\as  established  if  the  lung  did  not  reexpand  completely  Avhen  these 
procedures  Avere  instituted;  the  bubbles  of  air  expelled  during  quiet  expiration 
could  be  obserATd  in  the  AA’ater-seal  drainage. 

If  bleeding  aa^is  not  sevei’e,  it  AA^as  best  to  restablish  the  cardiorespiratory 
balance  before  operation  aauis  undertaken.  If  bleeding  Avas  continuous,  oper¬ 
ation  had  to  be  performed  promptly.  Even  if  the  diagnosis  Avas  onh-  suspected, 
thoracotomy  Avas  AA^arranted,  since  both  the  bronchi  and  the  trachea  lend  them¬ 
selves  quite  Avell  to  suture. 

A  high  posterolateral  approach,  preferably  on  the  right  side,  provided  the 
best  exposure  for  Avouuds  of  the  trachea.  Eepair  Avas  accomplished  by  simple 
closure  Avith  interru]:)ted  sutures  of  fine  silk.  If  there  Avas  loss  of  substance  in 
the  tracheal  aaMI,  .mediastinal  tissue,  pleural  tissue,  or  a  long-pedicled  flap  from 
the  latissimus  dorsi  could  be  used  to  aid  in  the  repair.  Occasional!}^,  in  high 
tracheal  Avounds,  i*epair  Avas  accomplished  through  an  anterior  approach,  Avith 
division  of  the  claAncle. 

The  diagnosis,  or  ewen  the  suspicion,  of  injury  to  a  major  bronchus  Avas 
an  indication  for  exploration.  The  mere  existence  of  damage  to  a  bronchus  Avas 
not,  hoAvever,  an  indication  for  lobectomy,  though  if  the  A'^ein  or  artery  to  a 
lobe  of  a  lung  Avas  lacerated,  resection  might  conceiAuxbly  be  necessary.  Not 
many  such  injuries  Avere  seen  because  they  led  to  rapid  exsanguination,  and  the 
casualties  did  not  usually  survive  long  enough  to  reach  ex^en  forAvard  hospitals. 
In  contrast  to  the  general  experience,  Maj.  Robert  II.  Wylie,  MC,  had  txvo  I'e- 
coATries  after  operation  for  injxiries  of  major  bronchi. 

In  one  case  in  AAdiich  seifious  bleeding  from  an  upxxer  lobe  bronchus  made 
anesthesia  hazardous,  Maj.  (later  Lt.  Col.)  Lawrence  M.  Shefts,  MC,  packed 
the  main  stem  bronchus  under  endoscopic  vision.  It  Avas  then  possible  to 
occlude  the  blood  supply  temporarily  and  proceed  Avith  the  repair  of  the  dam¬ 
aged  bronchus.  The  procedure  in  this  case  Avas  lifesaving. 
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Case  History 

CoL  Edward  D.  Cliurchill,  MC,  Consultant  in  Surgery  to  the  Surgeon, 
Mediterranean  Theater  of  Operations,  U.S.  Army,  early  predicted  that  no 
patient  with  an  injury  to  a  left  main  stem  bronchus  would  survive  to  be  treated 
in  a  forward  hospital,  as  the  anatomy  of  the  left  hilar  region  made  it  inevitable 
that  a  missile  could  not  pass  through  it  without  inflicting  fatal  damage.  No 
such  injuries  were  observed.  Lt.  Col.  W.  Paul  Sanger,  MC,  obseiwed  two  cas¬ 
ualties  with,  damage  to  tlie  right  main  steam  bronchus.  ]3oth  survived  to  be 
hospitalized  because  of  the  unusual  tactical  situation:  Both  were  wounded 
on  the  Anzio  beachhead,  in  close  proximity  to  the  hospitals  to  which  they  were 
admitted.  One  of  them  died  early  in  the  postoperative  2)eriod  because  of  over¬ 
whelming  pleuropiilmonary  se2:)sis.  The  history  of  the  other  follows. 

Case  2. — This  casualty  was  hospitalized  within  an  hour  after  he  had  sustained  a  shell- 
frag’inent  wound  of  the  eighth  posterior  interspace  on  the  right  side,  presumably  while 
prone.  He  immediately  became  dyspneic  arid  was  unable  to  move  the  lower  extremities. 
AVlu'ii  he  was  admitted,  he  was  in  shock  and  was  completely  paralyzed  below  the  eighth 
dorsal  segment.  Respii'ation  was  profuondly  embar-rassed,  obviously  because  of  a  large 
wound,  5-(>  (an.  in  diameter,  in  the  eightli  right  interspace  posteriorly,  which  was  sucking- 
air  and  draining  blood.  It  was  filled  with  bits  of  clothing  and  bone  fragments.  The  suck¬ 
ing  was  controlled  at  once  with  petrolatum-imirregnated  gauze  packs.  Paravertebral  block 
of  the  sixth  to  the  tenth  intercostal  nerves  greatly  improved  the  respirations  and  permitted 
the  patient  to  cough  up  lai’ge  amounts  of  blood.  The  blood  pressure  was  elevated  to  <S(>/52 
ram.  Hg  by  the  infusion  of  25  gm.  of  serum  albumin.  Aspiration  of  the  chest  produced 
800  cc.  of  blood,  which  was  immediately  returned  to  the  patient  by  autotransfusion.  In¬ 
sertion  of  an  intercostal  catheter  relieved  the  developing  pressure  pneumothorax. 

P>y  9  hours  after  injury,  the  patient  had  become  fairly  well  stabilized.  Then  there  was 
a  sudden  increase  in  the  pneumothorax.  Emergency  surgery  was  performed,  under  endo¬ 
tracheal  anesthesia.  The  wound  in  the  region  of  the  eighth  right  rib  was  excised,  and  a 
posterolateral  thoracotomy  incision  was  made  in  the  eighth  right  interspace.  A  large, 
ragged,  bullet-shaped  sludl  fragment,  12  cm.  long,  was  found  pemetrating  the  postcwolateral 
wall  of  the  right  main  stem  bronchus,  just  distal  to  the  bifurcation  of  the  trachea.  Air 
and  l)lood  were  pouring  freely  from  the  wound.  The  azygos  vein  was  lacerated ;  it  was 
sutured,  without  complete  occlusion.  Then,  with  considerable  difficulty,  the  defect  in  the 
bronchus  was  approximated  with  interrupted  silk  sutures ;  the  closure  was  reinforced  with 
muscle.  When  the  closure  was  water-tested,  there  was  no  evidence  of  leakage. 

A  transverse  laceration  of  the  upper  lobe  of  the  right  lung,  between  12  and  14  cm. 
long,  was  closed  with  interrupted  silk  sutures.  The  lung  was  then  reexpanded  except 
for  the  portion  of  the  upper  lobe  in  the  area  of  laceration.  The  incision  was  closed  in 
anatomic  layers. 

The  patient  received  1,000  cc.  of  blood  and  250  cc.  of  plasma  during  the  operation 
and  was  in  fair  condition  at  the  end. 

The  immediate  postoperative  course  was  stormy,  not  because  of  the  chest  wound 
but  because  of  the  distention  and  other  complications  that  accompany  cord  transection. 
Suprapubic  cystostomy  was  done  on  the  seventh  postoperative  day,  and  a  hip  spica  was 
applied,  to  facilitate  evacuation. 

The  right  lung  rmnained  expanded,  but  on  the  12th  day,  the  incision  became  infected 
in  the  area  of  the  original  wound.  Empyema  followed ;  such  an  experience  shows  the 
unwisdom  of  including  the  wounded  area  in  the  thoracotomy  incision.  Treatment  con¬ 
sisted  of  the  intramuscular  injection  of  25,000  units  of  penicillin  every  3  hours  for  10  days  ; 
no  sulfonamides  were  given. 
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Figuiie  G. — Tlioracic  laceration  of  esoplia.^iLS.  Hytlropneuinotliorax 
produced  by  tiuid  and  air  oscapin.e:  from  ewophaiius  (a),  and  tlirougli 
rupture  of  mediastinnl  pleura  (b).  Aspiration  of  esoplmgeal  fluid 
from  pleural  cavity  is  diagnostic  (c) . 

Reports  from  the  base  hospital  a  inontli  after  wounding  stated  that  the  empyema 
cavity  was  still  from  200  to  300  cc.  in  volume.  There  was  some  return  of  sensation  in  the 
extremities.  The  last  report,  4  months  later,  stated  that  progress  was  continuing  to  be  good. 

WOUNDS  OF  THE  ESOPHAGUS 

Incidence 

Wounds  of  tlie  thoracic  esopliao-us  were  uncoininon.  In  the  l,o64  thoracic 
wounds  and  003  thoT-acoabdoininal  wounds  cared  for  by  the  suro*eons  of  the  2d 
Auxiliary  Surgical  Group,  there  were  records  of  only  6  cases.  In  one  of  these, 
the  diagnosis  was  doubtful ;  the  surgeon  who  i*emoved  the  missile  from  the  wall 
of  the  esophagus  noted  that  he  did  not  think  that  the  lumen  had  been  penetrated. 
The  tAYO  other  cases  in  Avliich  surgery  Avas  done  ended  fatally,  and  the  three  re¬ 
maining  cases  Avere  diagnosed  only  at  autopsy.  This  surgical  group,  therefore, 
Avith  its  Avide  experience  of  thoracic  injuries,  had  no  record  of  certain  recovery 
from  a  confirmed  penetrating  Avound  of  the  intrathoracic  esophagus. 

Diagnosis 

Diagnosis  of  Avounds  of  the  esophagus  (figs.  6  and  7)  Avas  difficult,  but  it 
AA^as  imperatiA^e  that  it  be  made  because  continued  spillage  in  an  unrecognized. 
AA’^ound  AA\as  likely  to  be  folloAved  by  mediastinal  infection  (fig.  8),  AAliich  Avas 
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FKiinjE  7. — Cervical  laceration  of  esophagus.  A.  Air  and  fluid  spread  through 
deep  cervical  fascial  planes:  Trachea  (a),  esophagus  (b),  sixth  cervical  A^ertebra 
(c).  and  carotid  sheath  (d).  B.  Deep  abscess  formation,  pointing  to  mediastinum 
(a)  or,  less  often,  externally  (b). 

often  fatal,  or  massive  fulminating  empyema.  Tlie  chief  cliagnostic  difficulty 
was  that  neither  symptoms  nor  signs  were  consistent  and  that  suspicion  Avas 
fre(tuently  not  aroused  until  serious  complications  had  ensued.  Another  diffi¬ 
culty  Avas  that  maii}’^  of  the  symptoms  and  signs  present  Avere  related  to  Avounds 
of  associated  structures,  particularly  large  sucking  Avounds  and  massive  hemo- 
thoraces,  and  tended  to  overshadoAv  Avhatever  clinical  picture  might  be  produced 
by  lacerations  of  the  esophagus. 

Perhaps  the  most  common  symptom  of  esophageal  injury  Avas  continued 
substernal  discomfort,  Avith  acute  substeriial  pain  on  SAvalloAving.  True 
dysphagia  Avas  not  the  rule.  Severe  pain  in  the  back,  radiating  doAvn  into  the 
lumbar  region,  Avas  pathognomonic  Avhen  it  Avas  present.  Tyihcally,  it  Avas  not 
alleviated  by  large  doses  of  morphine.  The  probable  origin  of  the  pain  Avas 
the  inflammatory  reaction  in  the  posterior  mediastinum  caused  by  lealvage  from 
the  esophagus. 

Mediastinal  emphysema  Avas  often  present  and  Avas  sometimes  associated 
Avith  cervical  emphysema.  Equally  often,  it  Avas  absent,  for  the  opening  in 
the  mediastinal  pleura  that  usually  AA^as  a  part  of  such  injuries  permitted  the 
escape  of  air  into  the  pleura  (fig.  6) .  The  presence  of  a  pneumothorax  Avas  not 
alAvays  helpful,  for  the  missile  Avhich  had  penetrated  the  esophagus  might  very 
Avell  haAT  penetrated  or  perforated  the  lung  also. 
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Figuke  8. — Acute  suppurative  iiiediastiuitis  secondary  to 
perforation  of  esophagus.  Note  widening  of  retrotracheal 
space  and  air  in  tissues. 


Projection  of  tlie  track  of  the  missile  was  not  helpful  in  many  cases  because 
a  hemothorax  or  hemopneumothorax  might  obscure  the  path  wltich  the  missile 
had  taken  in  traversing  the  lung.  If,  however,  one  kept  in  mind  the  exact  posi¬ 
tion  of  the  esophagus  in  various  parts  of  the  thorax  in  relation  to  the  location 
of  the  missile,  as  demonstrated  by  anteroposterior  and  lateral  roentgenograms, 
it  was  often  possible  to  make  diagnostic  assumptions.  This  help  was  not  avail¬ 
able  when  a  missile  of  moderate  size  had  passed  completely  through  the 
mediastinum. 

If  an  injury  of  the  stomach  could  be  ruled  out,  blood  obtained  on  the  pas¬ 
sage  of  a  Levin  tube  was  an  indication  of  possible  esophageal  injury.  If  roent¬ 
genograms  showed  a  widening  of  the  mediastinal  shadow,  a  swallow  or  two  of 
thin  barium  or  Lipiodol  was  given  and  additional  roentgenograms  taken. 
Mediastinal  widening  was,  however,  a  confusing  finding,  for  it  might  also  be 
caused  by  injuries  at  the  base  of  the  neck.  The  aspiration  from  the  pleural 
cavity  of  gastric  juice  or  of  fluid  containing  food  particles  was  pathognomonic 
of  a  gasti’ointestinal  perforation.  Food  particles  were  identified  by  the  naked 
ej-e.  The  presence  of  gastric  juice  was  readily  determined  by  the  verj  acid 
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reaction  of  litmus  paper  to  it.  If  the  diaphragm  was  not  injured,  these  findings 
were  evidence  of  a  perforation  of  the  esophagus. 

As  a  practical  matter,  the  diagnosis  of  injury  to  the  thoracic  esophagus  was 
chiefly  made  on  suspicion,  aroused  by  whichever  of  the  signs,  symptoms,  and 
roentgenologic  findings  just  listed  might  be  present  in  the  particular  case.  It 
almost  alwa3^s  had  to  be  confirmed  by  exploration,  which  was  warranted  even 
if  the  suspicion  was  based  on  nothing  more  concrete  than  knowledge  of  the 
course  of  the  missile  in  a  perforating  wound  or  of  its  position  in  a  x^enetrating 
wound.  All}'  rent  in  the  X)osterior  mediastinum  or  any  hematoma  in  this  region 
found  in  the  course  of  exx)loration  of  the  chest  on  other  indications  was  always 
iiiA^esti gated,  Avith  tlie  x^ossibility  of  injuiy  to  the  esox:>hagus  in  mind. 

Management  in  Forward  Hospitals 

The  extremely  high  mortal it}^  of  wounds  of  the  esox)hagus,  as  just  noted, 
made  it  mandatoiy  to  x)erform  an  exx)]oratoiy  oxDeration  on  the  slightest  susx)i- 
cion  that  such  an  injury  existed.  The  limited  World  War  II  exx>erience,  Iioav- 
eA^er,  makes  it  im^Dossible  to  make  definitiA^e  statements  about  management. 

If  the  x^atient’s  condition  did  not  x^ermit  immediate  ox^eration,  the  best  x^hin 
Avas  to  intubate  the  stomach,  Avithhold  all  food  by  mouth,  and  keep  the  x^atient 
under  x^enicillin  x)rotection. 

When  surgery  Avas  indicated,  the  esophagus,  if  the  Avound  Avas  in  the  upper 
third,  Avas  best  exxiosed  from  the  right  side,  by  a  posterolateral  transxileural 
axix^i'oach.  If  both  Avound  and  missile  aati'c  on  the  left  side,  a  left-sided 
ax^x^i'oach  Avas  indicated. 

The  margins  of  the  esox^hageal  Avound  Avere  excised  baclv  to  healtlw  tissue. 
Then  a  tAvo-la^^er  closure  Avas  carried  out,  Avitli  the  second  layer  of  sutures  in 
the  musculature.  Interrux^ted  sutures  of  fine  silk  Avere  used.  The  mediastinal 
X:)leura  Avas  left  ox^en.  The  x^l^ural  sx^ace  Avas  drained  Avitli  tAvo  intercostal 
Ava ter- seal  drains. 

The  single  patient  observed  by  the  2d  Auxiliary  Surgical  Group  on  aaIioiu 
this  total  technique  Avas  used  did  ]iot  surviA^e,  because  of  other  Avounds,  but 
for  the  5  days  he  lived  after  operation,  there  Avas  no  clinical  evidence  of  leakage 
from  the  esoptiagais  or  of  x^leural  involA^ement.  Post  mortem  examination,  un- 
fortunatel}' ,  Avas  not  carried  out. 

Most  surgeons  of  experience  considered  extrax^leural  x^osterior  mediastinot- 
omy  both  useless  and  harmful  because  it  jeopardized  the  first  objective  of  the 
operation,  comxilete  and  x^ermanent  reestablishment  of  esophageal  continuity. 
Once  this  was  accomplished,  drainage,  in  their  opinion,  Avould  add  little  to  the 
safety  of  the  patient  and  might  encourage  breakdoAAm  of  the  Avound.  Posterior 
mediastinotomy  Avas,  in  fact,  an  operation  of  limited  usefulness  in  combat- 
incurred  chest  Avounds. 

Postoperative  management. — Gastrostomy  for  nutritional  x)urx30ses  was 
not  considered  necessary  in  a  forAvard  hospital.  If  decompression  Avas  required. 
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a  Levin  tube  was  used,  either  passed  into  the  stomach,  or,  as  advocated  by 
Sweet  (-5)  in  resections  of  the  esophagus,  passed  down  to  the  site  of  repair. 

Management  in  Base  Hospitals 

While  few  patients  with  undiagnosed  wounds  of  the  esophagus  were  en¬ 
countered  in  base  hospitals,  it  was  necessary  to  be  on  the  alert  for  such  injuries. 
Raj)id  development  of  a  fulminating  empyema  and  aspiration  of  a  thin  pleural 
exudate  with  a  musty  odor  characteristic  of  gastric  juice  were  almost  pathogno¬ 
monic  of  an  esophagopleural  fistula.  If  methylene  blue  taken  by  mouth  ap¬ 
peared  in  the  pleural  space,  tlie  diagnosis  was  confirmed.  The  site  of  the  injury 
was  localized  by  fluoroscopy  after  the  patient  Iiad  been  given  a  swallow  of  Lipi- 
odol  or  thin  barium  solution.  If  a  tracheoesophageal  fistula  was  suspected, 
diagnosis  was  made  by  bronchoscopy. 

Once  the  diagnosis  was  made,  immediate  rib  resection  Avas  carried  out,  and 
a  large  rubber  tube  Avas  inserted  into  the  empyema  cavity.  For  the  first  feAv 
days,  the  tube  Avas  connected  to  a  Avater-seal  bottle.  Gastrostomy  Avas  per¬ 
formed  at  the  same  operation  even  if  the  Avound  in  the  esopliagus  Avas  A^ery 
small.  In  this  sort  of  case,  intubation  Avas  often  tried,  Avith  nothing  by  mouth. 
Full  doses  of  penicillin  Avere  given  intramuscularly. 

The  patient  Avas  nursed  in  the  sitting  position,  to  reduce  the  tendency  to 
regurgitation,  Avhich  Avas  present  in  ])i*actically  every  case.  Gastric  contraction 
to  a  degree  incompatible  Avith  nutritional  needs  Avas  common,  and  the  associated 
pylorospasm,  AAdiich  Avas  probably  tlie  result  of  A^agal  irritation  resulting,  in 
turn,  from  mediastinal  involvement,  made  continuous  regurgitation  almost 
inevitable.  Unless  it  could  be  controlled,  liealing  of  the  eso])hagus  Avas 
delaA^ed.  If  regurgitation  Avas  troublesome  after  an  otherAvise  satisfactory 
gastrostomy,  jejunostomy  Avas  resorted  to.  In  addition  to  preventing  regurgi¬ 
tation.  the  jejunostoni}^  served  admirably  as  a  feeding  route.  Tlie  gastrostomy 
stoma  then  served  as  a  decompressive  A-ent. 

The  criterion  of  satisfactory  progress  Avas  closure  of  the  esophageal  fistula, 
reexpansion  of  the  lung,  and  obliteration  of  the  empyema  caAuty.  If  these 
results  Avere  not  accomjAlislied  by  this  regimen,  a  direct  surgical  attack  Avas  made, 
consisting  of  thoracotomy,  decortication,  and  closure  of  the  esophageal  opening. 


Case  Histories 

The  folio Aving  case  histories  illustrate  the  difiiculties  and  complications  of 
Avounds  of  the  esophagus : 

Case  3. — A  paratrooper  aaUio  was  AA'oimcled  in  action  on  35  September  1044  sustained 
a  perforating  bullet  Avound  of  the  right  chest.  The  Avound  of  exit  Avas  to  the  left  of  the 
midline,  just  to  the  left  of  the  xiphoid  process.  Debridement  aa^is  carried  out  after  resusci¬ 
tation,  There  AA'ere  no  symptoms  or  signs  to  suggest  a  aa'ouikI  of  the  esophagus. 

When  the  patient  Avas  receiA^ed  in  a  base  hospital  5  days  after  AAa^mnding,  he  Avas 
critically  ill.  IiiA'estigation  reA^ealed  a  large  total  empyema  on  the  right  side,  AA'ith  a 
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Figtjhe  1). — Eai’se  esoplijiAopleiiral  fistula  with  total  right  pyopneumothorax.  A.  Pos¬ 
terolateral  roentgenogram.  Note  barium  at  right  base.  I>.  Same.  6  weeks  after  thoracot¬ 
omy  with  pulmonary  decortication  and  repair  of  fistula.  A  complete  cure  resulted. 


large  esophagopleural  fistula  (fig.  DA),  Forty-eight  hours  later,  the  empyema  was  drained 
under  local  analgesia  by  rib  resection,  and  gastrostomy  was  performed. 

The  patient  improved,  but  leakage  of  regurgitated  material  through  the  fistula  remained 
profuse,  and  the  lung  showed  no  tendency  toward  reexpansion.  Four  weeks  after  wounding, 
thoracotomy  was  performed,  with  decortication  and  closure  of  the  2-cm.  longitudinal  defect 
of  the  esophagus  just  above  the  cardia.  The  esophagus  had  been  pulled  well  to  the  right 
by  the  changes  consequent  to  injury  and  to  subsequent  infection.  Operation  was  performed 
without  difficulty,  and  pulmonary  expansion  was  immediate  and  complete.  Closure  was 
effected  in  two  layers,  by  interrupted  sutures  of  fine  silk,  with  inversion  of  the  knots. 
Fibrin  foam  was  .sutured  over  the  site  of  the  repair.  The  mediastinal  pleura  was  closed, 
and  the  usual  water-seal  intercostal  catheter  drainage  was  instituted. 

qiie  immediate  postoperative  course  was  uneventful,  but  regurgitation  was  trouble¬ 
some,  and  recurrence  of  a  small  basal  empyema  required  secondary  drainage  by  rib  resection. 
Methylene  blue  given  by  mouth  appeared  in  the  pleural  exudate  at  the  end  of  2  hours,  and 
fluoroscopic  examination  after  a  swallow  of  Lipiodol  showed  a  very  small  leak  at  the  site 
of  repair.  After  jejunostomy  was  performed,  there  was  lu-oinpt  relief  of  regurgitation  as 
well  as  i-apid  obliteration  of  the  basal  empyema  cavity  (fig.  DB).  When  the  patient  left 
the  hospital,  his  condition  was  excellent  in  all  respects. 

Case  4. — This  patient  received  his  initial  surgery  in  a  Briti.sh  mobile  field  hospital.  A 
tommygun  bullet  had  penetrated  the  neck  at  the  base  on  the  right  side  and  traversed  it 
obliquely,  emerging  at  the  posterior  margin  of  the  left  sternocleidomastoid  muscle.  The 
right  thyroid  lobe  was  damaged,  the  right  lateral  wall  of  the  trachea  opened,  and  the 
esophagus  almost  completely  transected. 

At  operation,  a  few  hours  after  injury,  the  trachea  was  repaired  and  the  esophagus 
was  closed  by  end-to-end  suture,  presumably  with  catgut.  The  wound  was  closed  with 
drainage,  and  gastrostomy  was  done. 

At  the  end  of  5  days,  the  neck  began  to  swell,  and  on  the  seventh  day,  the  anterior  wound 
broke  down  and  began  to  discharge  both  purulent  exudate  and  esophageal  secretions.  When 
the  patient  reached  the  21st  General  Hospital,  he  had  a  large  esophageal  fistula,  with 
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considerable  infection.  Vomitus  was  asinrated  into  the  lung  when  he  vomited  soon  after 
admission,  and  a  typical  aspiration  pneumonia  further  complicated  the  clinical  picture. 
After  a  stormy  period,  the  pneumonia  cleared,  and  the  cervical  infection  subsided.  The 
infection  had  not  extended  to  the  posterior  mediastinum.  When  the  patient  was  last 
observed,  he  still  had  a  large  fistula  of  the  esophagus,  and  his  condition  still  did  not 
warrant  barium  studies  to  determine  what  type  of  I’eparative  procedure  would  be  required. 

Case  5. — This  patient  was  struck  in  the  right  shoulder  and  received  a  penetrating 
wound  of  the  neck  from  an  explosion  of  an  antitank  shell  within  an  M-4  tank.  Eluoroscopic 
examination  revealed  multiple  foreign  bodies  in  the  base  of  the  neck,  one  of  them  in  the 
region  of  the  right  lateral  wall  of  the  esophagus.  Extreme  dysphagia  was  noted  soon  after 
the  injury.  The  wound  of  entrance  was  debrided.  No  attempt  was  made  to  remove  any 
foreign  bodies. 

The  diet  was  limited  to  fluids,  but  intubation  was  not  done.  A  week  after  injury,  there 
was  leakage  from  the  wound  of  material  taken  by  mouth,  and  when  the  patient  was  ad¬ 
mitted  to  the  21st  General  Hospital,  he  had  an  esophageal  fistula. 

Intubation  was  immediately  instituted,  with  high-caloric,  high-vitamin  feedings  by 
this  route.  Nothing  was  i^ermitted  by  mouth.  The  infection  cleared  rapidly,  and  the 
fistula  closed  with  equal  rapidity.  Two  weeks  after  admission,  the  patient’s  barium 
studies  showed  a  normal  esophagus. 

Comment. — This  case  reemphasizes  the  importance  of  recognizing  dysphagia  as  a 
possible  symptom  of  a  wound  of  the  esophagus  and  of  resorting  to  intubation  at  once  in 
any  instance  of  possible  perforation. 


CRUSHING  INJURIES 

Compression  or  crushing  injuries  of  the  chest  observed  in  World  War  II 
were  chiefly  of  noncombat  origin.  They  varied  considerably  in  extent,  but  they 
were  usually  relatively  mild  and  required  only  conservative  management. 

The  pathologic  lesion  varied  according  to  the  degree  of  trauma.  It  in¬ 
cluded  simple  contusion  injuries  of  the  pleura  and  lung;  intrathoracic  hemor¬ 
rhage,  subpleural  in  slight  injuries  and  more  central  and  more  extensive  in 
severe  injuries;  hemothorax;  j^neumothorax ;  fractures  of  the  ribs  and  the 
sternum ;  rupture  of  viscera ;  and  massive  collapse  of  the  lung.  The  so-called 
contusion  pneumonia  which  followed  severer  types  of  compression  injury 
and  which  could  be  extremely  serious  was  in  reality  not  a  specific  entity  but  the 
pneumonitis  resulting  from  factors  common  in  thoracic  trauma.  These  factors 
included  the  limited  respiration  and  cough  caused  by  chest  pain,  retained  bron¬ 
chial  secretions,  and  hemorrhage  and  edema  of  the  lung.  Together  they  made 
up  the  clinical  j^icture  of  wet  lung  (p.  207). 

In  simple  crushing  injuries,  the  only  treatment  necessary  was  rest  and 
relief  of  pain.  In  more  severe  injuries,  the  management  of  shock  and  the  cor¬ 
rection  of  disturbances  of  cardiorespiratory  physiology  resulting  from  hemo¬ 
thorax,  pneumothorax,  and  emphysema  were  of  primary  importance.  Surgery 
was  necessary  wdien  lacerations  of  the  diaphragm  were  present  (j).  103) .  Peni¬ 
cillin  was  given,  to  prevent  infection.  Late  complications  included  pneumonia, 
empyema,  and  lung  abscess. 
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Ecchymotic  Mask 

Eccliymotic  mask  is  the  term  used  for  the  bluish-violet  discoloration  of 
tlie  face,  neck,  and  upper  portion  of  the  chest  that  sometimes  results  from 
sudden,  direct  compression  of  the  chest  or  abdomen.  In  civilian  practice,  it  is 
most  often  seen  following  compression  of  the  chest  between  the  rear  end  of  a 
truck  and  a  loading  platform.  It  may  also  occur  in  sudden,  direct  compression 
of  the  extremities  as  the  result  of  a  fall  or  some  other  accident  in  which  the 
thigh  is  violently  flexed  on  the  abdomen.  In  wartime,  the  casualty  may  be 
actually  crushed  by  falling  debris  from  bombs. 

The  discoloration  may  also  be  found  in  the  pharyngeal  and  retrobulbar 
areas,  though  in  these  regions,  true  hemorrhage  may  have  occurred.  It  is 
ordinarily  more  marked  at  areas  of  pressure,  such  as  in  the  neck  from  collar- 
bands,  around  the  head  from  hatbands,  and  across  the  shoulders  from 
suspenders. 

The  explanation  of  ecchymotic  mask  is  extreme  stasis  in  the  peripheral 
venous  capillaries,  which  remain  intact  but  become  dilated.  There  is  no 
evidence  of  diapedesis.  The  proof  of  the  theory  of  stasis  is  threefold,  (1)  the 
intact  state  of  the  A^essels;  (2)  the  absence  of  extravasation  of  blood  on  micro¬ 
scopic  examination :  and  (3)  the  absence  of  the  usual  shades  of  color  observed  as 
an  ordinary  ecchymotic  spot  gradually  fades. 

Clinically,  the  discoloration  begins  to  fade  about  48  hours  after  the  injury 
and  usually  disappears  in  2  weeks.  The  patients  are  seldom  uncomfortable, 
and  sequelae  are  unusual.  Ocular  symptoms,  Avhich  are  sometimes  present, 
range  from  mildly  bluiTed  Ausion  to  total  blindness.  Fortunately,  ocular  in¬ 
volvement  is  uncommon,  for  retrobulbar  or  fundal  hemorrhages  may  produce 
permanent  atrophy  of  the  optic  neiwe. 

When  Ileuer  (d),  as  the  result  of  a  personal  experience  in  World  War  I, 
reported  on  ecchymotic  mask,  he  Avas  able  to  find  127  cases  recorded  in  the 
literature  up  to  1923.  There  Avere  27  deaths  immediately  after  injury  and  8 
deferred  deaths.  Autopsies  Avere  performed  in  23  of  the  fatal  cases.  Symptoms 
and  signs  of  intrathoracic  injury  AATre  common,  but  they  Avere  generally  slight 
and  disappeared  promi^tly.  They  included  hemoptysis,  pulmonary  edema, 
hemothorax,  pleural  effusion  Avith  empyema,  x>iieumonia,  and  subcutaneous 
emphysema. 

Visual  disturbances  Avere  reported  in  only  16  of  the  recorded  cases,  includ¬ 
ing  Ileuer’s  oaaui  case,  but  in  7  of  these,  there  Avas  permanent  impairment  or 
comi)lete  loss  of  vision,  in  all  instances  associated  with  progressive  optic 
atrophy.  In  most  of  the  recorded  cases,  there  Avas  no  statement  about  the  eyes, 
but  in  23  reports,  it  Avas  stated  specifically  that  the  eyes  Avere  not  affected,  and 
in  10  other  cases,  it  can  be  assumed  that  they  Avere  not  affected, 

Ecchymotic  mask  Avas  not  often  observed  in  World  War  II.  It  did  not 
occur  in  any  of  the  foinvard  cases  treated  by  the  2d  Auxiliary  Surgical  Group, 
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wliicli  suo-o-ests  that  the  causative  factor  is  a  product  of  localized  thoracic  crush¬ 
ing  rather  than  the  result  of  a  penetrating  or  a  blast  injury.  Major  Burford, 
working  in  base  hospitals,  observed  it  only  hve  times  in  1,200  casualties.  All 
of  these  were  service  troops,  all  were  injured  in  jeep  or  truck  accidents,  and  all 
rec  o  ver  ed  u  ne  vei  1 1  f  ulh- . 

Another  textbook  condition,  commotio  thoracis,  was  never  observed  by  sur¬ 
geons  of  the  2d  Auxiliary  Surgical  Group,  whose  opinion  was  that  it  should  be 
dropped  from  the  list  of  traumatic  entities. 

BLAST  INJURIES 
Incidence 

The  British  experience  with  blast  injury  was  entirely  gained  through 
German  bombings  of  the  British  Isles,  a  fact  Avliich,  for  a  time,  misled  medical 
officers  in  tlie  U.S.  Army,  who  believed  tliat  they  would  encounter  the  syndrome 
frequently  in  combat.  They  did  not.  Blunt  injuries  of  the  intact  chest,  with 
resulting  contusion,  were  fairly  frequent,  but  blast  injuries  were  uncommon. 
Early  in  the  U.S.  experience,  the  two  conditions  were  frequently  confused. 
Once  the  differentiation  was  appreciated  and  pulmonary  edema  from  wet  lung, 
injudicious  fluid  administration,  and  occasional  fat  embolism  were  also  ex¬ 
cluded,  very  few  patients  were  seen  in  field  or  evacuation  hospitals  who  could 
be  considered  to  be  suffering  from  true  blast  injuries  of  the  chest. 

The  single  case  of  blast  injury  observed  by  surgeons  of  the  2d  Auxiliary 
Surgical  Group  in  their  2,267  thoracic  and  thoracoabdominal  injuries  was  con¬ 
firmed  by  post  mortem  examination.  The  8  cases  observed  by  Maj.  Frank 
Tropea,  Jr.,  ]\IC,  and  Lt.  Col.  Jolin  M.  Snyder,  MC,  in  603  chest  injuries  resulted 
in  3  deaths ;  in  1  case,  the  diagnosis  Avas  confirmed  by  autopsy. 

Capt.  William  W.  Tribby,  MC  (7),  in  his  study  of  1,000  battlefield  deaths 
of  U.S.  Army  troops  in  Italy,  found  13  bodies  in  AAdiich  there  Avere  no  penetrat¬ 
ing  injuries  and  in  AAdiich  the  cause  of  death  Avas  presumably  blast  injury.  In 
four  cases,  the  diagnosis  Avas  confirmed  at  autopsy,  Avhich  revealed  diffnse  pul¬ 
monary  hemorrliage  in  all  cases  and  pulmonary  edema  in  three.  Because  of  the 
advanced  state  of  decomposition  of  the  bodies,  microscopic  confirmation  Avas 
possil)le  in  only  one  case. 

Captain  Tribby  believed  that  several  other  casualties  might  also  luiA’e  died 
of  blast  injuries,  for  Avhile  penetrating  Avounds  Avere  present,  they  Avere  not 
sufficient,  in  any  instance,  to  account  for  the  fatality.  In  one  body,  for  instance, 
the  only  injury  Avas  a  penetrating  Avound  of  tlie  right  Avrist. 

Data  prepai’ed  b}^  the  Medical  Statistics  Division,  Office  of  The  Surgeon 
General,  Department  of  the  Army,  shoAv  1,021  blast  injuries  of  nonbattle  origin 
in  the  U.S.  Army  for  the  1942-45  period,  of  AAdiich  48  aattc  fatal  (table  1) .  For 
the  same  period,  there  Avere  13,200  battle-incurred  blast  injuries  outside  of  tlie 
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Table  1. — Blast  injuries  of  nonhattle  origin  in  the  U.S.  Army,  by  numbers  of  admissions'^  and 
deaths f-  and  by  area  and  year, 


[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records]  ^ 


1942-45 

1942 

1943 

1944 

1945 

Area 

Admis¬ 

sions 

Deaths 

Admis¬ 

sions 

Deaths 

Admis¬ 

sions 

Deatlis 

Admis¬ 

sions 

Deaths 

Admis¬ 

sions 

Deaths 

Continental  United 
States 

Number 

256 

Num¬ 

ber 

7 

Number 

47 

Num¬ 

ber 

Niimher 

150 

Num¬ 

ber 

2 

Number 

34 

Num¬ 

ber 

3 

Number 

25 

Num¬ 

ber 

2 

Overseas:  ^ 

Eiirnpf^ 

325 

18 

3 

22 

145 

5 

155 

13 

Mediterranean 
IVTirIrllo  East 

144 

10 

3 

64 

1 

52 

1 

25 

8 

4 

1 

3 

China-Biirma- 

Tndia 

1 

11 

2 

2 

4 

1 

5 

1 

Southwest  Pacific. 
Central  and 

South  Pacific... 
North  America 
Latin  America _ 

128 

119 

20 

9 

7 

5 

16 

27 

3 

80 

4 

4 

9 

22 

18 

70 

4 

4 

12 

4 

1 

7 

1 

Total  ov'^erseas 

765 

41 

26 

149 

1 

255 

10 

335  i 

30 

Total  Army _ 

1,  021 

48 

73 

299 

3 

289 

13 

360 

32 

1  Includes  an  unknomi,  but  presumably  a  relatively  small,  number  of  cases  CRO  (carded  for  record  only),  mostly 
deaths.  For  the  two  years,  1943  and  1945,  in  which  the  number  of  CRO  cases  was  known,  CRO  cases  constituted  3.2 
percent  of  the  nonbattle  blast  injury  “admissions." 

2  Underlying  cause  of  death,  year  of  death,  and  area  of  admission. 

3  Complete  files  of  records  used  for  deaths,  1942  admissions,  and  oversea  admissions  in  1943.  Samples  of  admissions 
were:  20  percent  for  1945,  U.S.  1943,  and  Europe  1944;  80  percent  for  1944  excluding  Europe. 

*  Includes  5  admissions  aboard  transports,  1  in  1943  and  4  in  1944. 

3  Includes  North  Africa. 

fi  Includes  Alaska  and  Iceland. 


continental  United  States,  of  which  140  were  fatal  (table  2).  Of  the  6,284 
blast  injuries  Avhich  occurred  in  1944  and  of  which  76  wTre  fatal,  493  involved 
the  chest,  and  25  of  these  were  fatal  (table  3).  Another  eight  injuries,  one  of 
which  was  fatal,  involved  the  thoracoabdominal  region  (table  3).  Only  68  of 
the  survivors  in  both  groups  (65  with  thoracic  wounds,  3  with  thoracoabdominal 
Avounds)  required  evacuation  (table  4).  A  remarkable  variety  of  agents  (table 
3)  were  responsible  for  these  injuries,  which  are  generally  considered  to  be 
caused  only  by  high  explosives.  It  must  also  be  remembered  that  deaths  which 
occurred  in  blast  injuries  were  not  ahvays  due  to  those  injuries.  This  was 
true  in  3  of  the  25  deatlis  which  occurred  in  1944. 

To  complete  the  picture,  it  should  be  added  that,  as  might  have  been 
expected,  the  Navy  experience  with  blast  injury  Avas  considerably  more  exten- 
siA"e  than  that  of  the  Army. 
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Table  2.— Battle-incurred  blast  injuries  in  the  U.S,  Army,  by  numbers  of  admissions  ^  and 
deaths,^  and  by  area  and  year,  191^.2-1^5 


[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 


1942-45 

i 

1942 

1943 

1944 

1945 

Area 

Admis- 

Deaths 

Admis- 

Deatlis 

'  Admis- 

Deaths 

Admis- 

1  Deaths 

Admis- 

Deaths 

sions 

sions 

sions 

sions 

i 

sions 

i 

Number 

Num¬ 

ber 

Number 

Num¬ 

ber 

Number 

N'um- 

ber 

Number 

!  Num¬ 
ber 

Num!)er 

Num¬ 

ber 

Europe _ 

9,  651 

1,  345 

1 

106 

1 

8 

5,  405 
620 

6] 

4,  237 
248 

45 

Mediterranean 

14 

15 

462 

12 

2 

Middle  East  _  - 

1 

Cliina-B  urma-India  _ 

16 

2 

8 

6 

Southwest  Pacific 

1,  455 

12 

10 

33 

176 

2 

1,  236 

10 

Central  and  South 

Pacific  _  _ 

715 

8 

8 

102 

1 

73 

1 

532 

6 

North  America^ 

4 

'  4 

Latin  America. 

! 

1 

1 

I 

Total  5 _ 

13,  200 

140 

34 

616 

1 

6,  284 

76 

6,  266 

63 

j 

1  Excludes  cases  carded  for  record  only. 

2  Amon^^  cases  who  readied  a  medical  treatment  facility.  Underlying  cause  of  death,  year  of  death,  and  area 
of  admission. 

2  Includes  Xorth  Africa. 

^  Includes  Alaska  and  Iceland. 

2  Includes  13  admissions  aboard  transports:  5  in  1943  ,1  in  1944.  and  7  in  1945. 


Experimental  Studies 

The  British  experience  with  German  bombino-s  eaiB^  in  World  War  II 
led  them  to  carry  out  a  number  of  experimental  studies  on  blast  injuries  of 
the  lung,  under  the  direction  of  the  Research  and  Experiments  Department  of 
the  Ministry  of  Home  Security.  The  most  important  of  these  studies  was 
reported  by  Zuckerman  {8)  in  the  Lancet  of  24  August  1940.  In  the  same 
issue,  Dean  and  his  associates  {9)  reported  on  the  clinical  aspects  of  these  in¬ 
juries,  and  in  the  issue  of  19  October  of  the  same  year,  Hadfield,  Swain,  Ross, 
and  Driiry-lWiite  [10)  described  the  pathologic  process  as  confirmed  by  autopsy 
studies. 

Zuckerman's  studies  on  blast  injury,  which  are  now  classic,  AA^ere  carried 
out  on  pigeons  and  on  animals  Auarying  in  size  from  mice  to  monkeys.  The  ex¬ 
perimental  animals  AA^ere  exposed,  in  the  open,  (1)  to  blast  from  the  explosions 
of  TO  pounds  of  high  explosiA^es  and  (2)  to  explosions  of  hydrodgen  and  oxygen 
in  balloons.  Both  sets  of  experiments  produced  essentially  the  same  results. 

In  the  experiments  A\dth  high  explosives,  no  animals  AA^ere  killed  at  dis¬ 
tances  beyond  18  feet,  and  none  Avere  hurt  in  any  observed  manner  at  distances 
beyond  50  feet.  When  the  bodies  Avere  protected  by  thick  layers  of  rubber. 
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Table  3. — Battle-incurred  blast  injuries  of  the  thorax  and  thoracoabdominal  region,  by  numbers 
of  admissions  ^  and  resulting  deaths  ^  in  the  U.S.  Army,  1944,  area  of  admission  and 

causative  agent 


[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 


Area 

THORAX 

All  agents 

Artillery 

shell 

Booby  trap, 
landmine, 
grenade, 
etc. 

Bomb 

Small  arms 
fire 

Other 
agents  ^ 

Admissions 

Deaths 

O 

S 

P 

Admissions 

Deaths 

Admissions 

Deaths 

Admissions 

cc 

Admissions 

Europe  - 

Num¬ 

ber 

416 

64 

Num¬ 

ber 

20 

5 

Num¬ 

ber 

335 

42 

Num¬ 

ber 

14 

3 

N'um- 

ber 

44 

12 

Num¬ 

ber 

2 

1 

Num¬ 

ber 

25 

8 

Num¬ 

ber 

2 

1 

Num¬ 

ber 

5 

1 

Num¬ 

ber 

1 

Num¬ 

ber 

7 

1 

Num¬ 

ber 

1 

^Mediterranean  ^ 

Middle  East 

China-Burma-India 

Soutlnvcst  Pacific- 

9 

4 

— 

4 

3 

— 

2 

1 

— 

2 

1 

— 

Central  and  South  Pacific _ 

North  America " 

Latin  America 

Total 

Europe 

493 

25 

384 

17 

59 

3 

35 

3 

1 

6  1 

9 

1 

THORACOABDOAIINAL  REGION 

5 

3 

1 

2 

2 

_ 

3 

1 

1 

Mediterranean  ^ 

Middle  East _ _ 

China-Burma-India 

Southwest  Pacific _ 

Central  and  South  Pacific 

North  America  ^ 

Latin  America 

Total-  -  - 

8 

1 

4 

— 

4 

1 

1  Excludes  cases  carded  for  record  only. 

2  Deaths  occurring  in  1944  among  admissions  in  area  indicated.  Cause  of  death  in  1  case  (thorax,  Mediterranean) 
was  ascribed  to  compound  comminuted  fracture  of  scapula;  in  2  cases  (thorax,  Europe)  cause  of  death  was  ascribed  to 
traumatic  sucking  pneumothorax. 

8  Includes  some  few  with  causative  agent  unknown. 

^  Includes  Morth  Africa. 

^  Includes  Alaska  and  Iceland. 
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Table  4. — Baitle-incurred  blast  injuries  of  the  thorax  and  thoracoabdominal  region,  by  numbers 
of  admissions  ^  and  resulting  deaths  2  in  the  U.S.  Army,  1944,  by  area  of  admission  and 

evacuee  status 

[Prolnniiiary  data  based  on  sami)lc  tabulations  of  individual  medical  records] 


THORAX 

Area 

Total 

Evacuated 

Not  evacuated 

Admissions 

Deaths 

Admissions 

Deaths 

Admissions 

Deaths 

Number 

umber 

A' u  m  ber 

A^  umber 

A'lnnber 

A^  umber 

Europe 

416 

20 

63 

353 

20 

Mediterranean  ^ 

64 

5 

2 

62 

5 

Middle  East _ 

China-Burma-India  _  - 
Southwest  Pacific 

9 

9 

Central  and  South  Pacific 

North  America  ^  __  _ _ 

4 

4 

Latin  America 

— 

Total  _  _ 

1 

493 

25 

65 

428 

25 

THORACOABDOMINAL  ] 

REGION 

Europe 

5 

1 

3 

j 

2 

1 

Mediterranean  ^ 

3 

3 

Middle  East.  _ _ _  _ 

China-Burma-India 

Southwest  Pacific 

Central  and  South  Pacific 

North  America  ^ 

Latin  America 

— 

Total _ 

8 

1 

3 

5 

1 

1  Excludes  cases  carded  for  record  only. 

2  Deaths  occurring  in  1944  amoriii  admissions  in  theater  indicated.  In  3  cases,  not  evacuated,  death  was  ascribed 
to  causes  other  than  blast  injury  (see  footnote  2,  table  3). 

3  Includes  North  Africa. 

« Includes  Alaska  and  Iceland, 

there  was  either  no  damage  at  all,  or  minimal  damage,  as  compared  to  the  dam^ 
age  suffered  by  control  animals.  This  observation,  it  might  be  interpolated, 
furnishes  additional  evidence  for  the  use  of  body  armor. 

None  of  the  animals  or  birds  had  any  external  signs  of  injury.  In  every 
autopsy,  the  outstanding  finding  was  traumatic  pulmonary  hemorrhage,  which 
varied  in  degree  according  to  (1)  the  distance  of  the  animal  from  the  charge 
and  (2)  the  pressure  exerted  against  the  bod}^  The  lesions  were  bilateral 
unless  the  animals  were  so  placed  that  one  side  acted  as  a  shield  for  the  other. 
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Then  the  lesions  occurred  on  the  side  facing*  the  explosion.  This  fact,  as  Avell 
as  the  anatomic  sites  of  the  hemorrhage,  permitted  no  interpretation  except 
that  the  lesions  Avere  caused  by  the  impact  of  the  pressure  AA^aA'e  against  the 
body  AAAalh  In  all  instances  in  Avhich  the  lung  injury  ^y^ls  sufficiently  severe 
to  cause  death,  the  lesions  were  detectable  on  roentgenologic  examination,  and 
blood  Avas  present  in  the  upper  respiratory  passages  as  Avell  as  in  the  lungs. 

Mechanism 

Blast  may  be  defined  as  the  compression  and  suction  AA^aves  set  up  by  the 
detonation  of  a  charge  of  high  explosive.  At  every  point  in  the  neighborhood 
of  the  explosion  there  occur : 

1.  A  AvaA^e  of  high  pressure,  lasting  about  0.006  second,  according  to 
Zuckermaii's  studies  AAuth  fO-pound  charges,  folloAvedby 

2.  A  negatAe  suction  pressure  AvaA^e,  lasting  up  to  0,003  second,  produced 
by  the  reduction  of  the  density  of  the  air  behind  the  positive  compression  Avave 
to  beloAV  the  normal  atmospheric  pressure,  Avhich  is  about  15  pounds  per  squai*e 
inch.  The  suction  component  of  the  blast  Avave  is  ahvays  much  Aveaker  than 
its  pressure  component;  it  can  neA^er  be  greater  than  15  pounds  per  square  inch, 
AAdiich  corresponds  to  a  perfect  vacuum.  It  is  only  because  of  the  A^ery  short 
duration  of  both  components  that  blast  Avaves  are  not  more  destructive  than 
theA"  are. 

As  hot  gases  are  ejected  by  a  detonating  shell,  they  compress  the  surround¬ 
ing  air  into  a  shell  or  belt,  AAdiich  is  throAvn  against  adjacent  layers  of  air.  The 
compressed  air  Avithin  the  belt  is  characterized  by  high  pressure  and  high  out- 
Avard  A^elocity.  It  is  limited  by  an  extremely  sharp  front,  the  so-called  shock 
front,  Avhich  is  less  than  one- thousandth  of  an  inch  and  in  Avhich  the  pressure 
rises  abruptly. 

The  initial  velocity  of  the  shock  front  as  it  travels  aAvay  from  the  point 
of  detonation  is  extremely  high.  Maj.  Ralph  W.  French,  MAC,  and  Brig. 
Gen.  George  R.  Callender  (11)  estimated  it  as  3,000  feet  per  second  at  60  feet 
from  a  4,000-pound  light-case  bomb  Avhere  the  pressure  jump  is  100  pounds 
per  square  inch.  The  velocity  then  decreases  rapidly  doAAui  to  the  velocity  of 
sound,  AAdiich  is  about  1,100  feet  per  second  or  750  miles  per  hour.  The  ATlocity 
of  the  shock  front  can  be  realized  by  comparing  it  Avith  the  ATlocity  of  gale 
Aviiids  from  50  to  60  miles  per  hour;  of  hurricanes,  80  to  100  miles  per  hour; 
and  of  tornadoes,  in  AAdiich  estimated  ATdocities  range  from  200  to  230  miles 
per  hour. 

Because  the  pressure  AAavve  is  highest  in  the  region  of  the  explosion  and 
falls  off  rapidly  the  farther  it  moves  from  it,  everything  in  the  immediate 
neighborhood  of  a  bomb  explosion  will  suddenly  be  exposed  to  violent  pressure 
AvtiA'es  of  many  times  atmospheric  pressure,  AAdiile  everything  50  feet  or  more 
HAvay  AAdll  be  exposed  to  only  Iavo  or  three  times  atmosplieric  pressure.  The 
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^'elocity  and  duration  of  a  pressure  wave  at  any  given  point  are  such  that  any 
object  as  large  as  the  human  body  AvoukI  undoubtedly  be  completely  immersed 
for  an  instant  in  a  wave  of  almost  uniformly  raised  pressure. 

The  magnitudes  of  the  pressure  and  suction  components  of  a  blast  AvaA-e 
are  directly  correlated  Avith  the  amount  of  exploshx.  Zuckermaii's  studies 
showed,  howe^'er,  that  if  a  given  positive  pressure  is  caused  by  a  giA  en  amount 
of  explosive  at  a  given  distance,  the  same  degree  of  pressure  Avill  be  experienced 
at  tAvice  that  distance  only  AA^hen  the  amount  of  explosive  is  increased  eight 
times. 

Thus  all  objects  in  the  immediate  neighborhood  of  an  explosion  are  first 
subjected  to  Anolently  increased  Avind  and  hydrostatic  pressure,  AA'hich  may  tear 
them  to  pieces  and  bloAv  them  far  from  the  scene  of  the  explosion.  If  they  are 
not  shattered  by  the  pressure  AvaA^e  and  bloAvn  along  in  its  direction,  they  may 
be  pulled  toAvard  the  center  of  the  explosion  by  the  Aveaker,  but  longer  acting 
suction  AvaA^e. 

Pathologic  Process  and  Causes  of  Death 

The  pathologic  process  Avhich  results  from  tlie  contusiA’c  elfect  of  a  blast 
Avave  on  tlie  chest  arises,  according  to  Zuckerman^s  (8)  experimental  studies, 
from  the  pressure  component  of  the  blast,  Avhicli  bruises  the  lungs  by  its  impact 
on  the  body  Avail.  It  A’aries  from  small  ecchyniotic  areas  on  the  lung  surface 
to  such  extensiAx  lesions  that  the  lung  may  appear  hepatized. 

In  the  10  autopsies  performed  by  Tladheld  and  his  associates  {10)  on 
ciAulians  Avho  died  suddenly,  or  Avithin  a  feAv  hours,  after  short-range  exposure 
to  detonation  of  high  explosives  during  aerial  bombings,  gross  traumatic  lesions 
AA^ere  entirely  absent  or  were  triAual  in  all  but  one  instaiace.  In  eight  cases, 
death  aauis  due  to  the  elfects  of  blast,  though  in  three  cases  carbon  dioxide 
saturation  of  the  blood  Avas  so  extreme  that  it  Avas  considered  the  immediate 
cause  of  the  fatality.  Tavo  casualties  Avho  Avere  extricated  from  oA'erlying 
debris  Avithout  Ausible  injuries  Avere  first  thought  to  have  died  of  blast.  Further 
examination  shoAved  that  both  deaths  Avere  caused  by  compression  asphyxia. 

As  in  Zuckermaii's  experimental  studies,  intrapulmonary  capillary  hemor¬ 
rhage  Avas  the  single  gross  anatomic  lesion  common  to  all  cases  in  Avhich  deaths 
AAxre  due  to  blast.  There  Avas  free  capillary  bleeding  over  large  areas,  and  in 
these  areas,  the  bronchioles,  atria,  and  ah^eoli  all  shoAved  uniform  and  con¬ 
siderable  overdistention.  In  the  fatalities  due  to  compression  asphyxia,  hem¬ 
orrhage  was  relatively  slight.  In  these  cases,  the  air  passages  contained  only 
a  small  amount  of  blood-stained  fluid,  AAdiich  Avas  not  frothy,  but  capillaiy  and 
A^enous  congestion  and  edema  Avere  striking.  In  the  fatalities  due  to  carbon 
dioxide  saturation,  the  pulmonary  hemorrhage  Avas  of  the  same  character  as  in 
the  true  blast  deaths,  but  the  blood  Avas  fresh  and  pink,  not  dark.  In  both 
groups,  the  air  passages  contained  quantities  of  frothy,  serous  fluid.  Tribby 
{7)  noted  that  in  all  13  cases  in  Avhich  he  belicA^ed  deatli  on  the  battlefield  to 
be  due  to  blast,  tliere  Avas  blood  in  the  nose  or  moutli  or  in  both  in  eA^ery  instance. 
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Siibpleural  liemoniiage  Avas  not  conspicuous  in  the  blast  deaths  studied  by 
Hadheld  and  his  group  (10),  The  only  casualty  in  the  series  aaTo  shoAATd 
hemorrhagic  rib  markings  in  the  pleura  died  from  compression  asphyxia,  not 
from  blast.  Bleeding  into  the  AA^alls  of  the  smaller  bronchioles  AA^as  occasionally 
obserA^ed,  but  there  AA\as  a  conspicuous  absence  of  hemorrhage  into  the  larger 
structures.  There  AA^as  no  suggestion  that  hemorrhages  AA'ere  grouiied  around 
the  bronchial  system.  Subpleural  bullae,  obserA^ed  microscopically,  had  appar¬ 
ently  been  produced  by  detachment  of  the  Ausceral  pleura  and  its  subjacent 
elastic  tissue  from  the  underlying  lung  by  air  escaxiing  from  ruptured  alAToli. 

The  most  seA^ere  hemorrhages  Avere  found  in  tAA^o  young  children,  one  an 
infant,  the  other  13  years  of  age;  the  possible  explanation  AA^as  the  lesser  rigidity 
of  the  thoracic  AA^all  in  youth.  Bleeding  AA^as  minimal  in  the  only  notably  obese 
casualty  in  the  group ;  it  may  be  presumed  that  his  excess  flesh  xirotected  him 
from  the  most  serious  effects  of  the  blast. 

EA^en  making  due  alloAvance  for  the  rapidity  of  the  extraA^asation  of  blood 
into  the  lungs  as  the  result  of  blast,  in  no  instance  Avas  the  amount  of  blood 
found  at  autopsy  sufficient  to  cause  fatal  circulatory  embarrassment.  The 
conclusion  AA^as  that  blast  probably  produces  death  by  interference  AAdth  some 
Autal  tissue  or  center,  in  Avliich,  because  of  the  extreme  raj^idity  of  the  process, 
the  structural  changes  that  occur  are  not  detectable.  Hadfield  and  his  associ¬ 
ates  (10),  hoAA^CA^er,  considered  the  ^iresence  of  hemorrhage  a  trustAA^orthy 
indication  that  the  patient  had  been  struck  at  close  range  by  a  AAxaA^e  of  high 
pressure. 

In  general,  autopsy  studies  on  victims  of  blast  in  the  Mediterranean  theater 
were  in  accord  AAuth  these  observations  (fig.  10) . 

Clinical  Picture  and  Diagnosis 

Symptoms  and  signs. — The  clinical  symptoms  and  signs  of  blast  injury  as 
observed  in  World  War  II  Avere  as  folio  ays  : 

1.  Shock. — This  Avas  a  universal  finding  and  Avas  often  profound.  As  a 
rule,  the  degree  of  shock  Avas  directly  proportional  to  the  severity  of  the  injury. 
It  Avas  often  increased  by,  or  Avas  more  serious  because  of,  associated  injuries 
in  other  j)arts  of  the  body. 

2.  Restlessness. — This  finding  Avas  often  extreme  and  out  of  proportion 
to  the  eAudent  severity  of  the  injuries. 

3.  Chest  foAn.^  lohich  %oas  of  Hoo  tyfes. — Almost  all  casualties  from  blast 
complained  of  pain  located  laterally  and  related  directly  to  respiratory  move¬ 
ments.  This  type  of  pain  Avas  considered  due  to  contusion  and  hemorrhage  of 
the  intercostal  muscles,  Avith  resulting  muscular  spasm.  The  other  type  of  pain 
appeared  in  the  more  seATre  injuries.  It  aaxis  deep,  central,  and  not  related  to 
respiratory  moATinents.  It  lasted  only  a  feAV  days  and  AA^as  considered  to  be 
caused  by  mediastinal  hemorrhage. 
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Figi'he  10. — Schenuitic  showing  of  pathologic  physiology  of  blast  injury  (wave  of  posi¬ 
tive  pressure  shown  by  solid  arrow,  wave  of  negative  pressure  by  dotted  arrow)  :  I’etechial 
hemorrhage,  cardiac  (a),  petechial  hemorrhage,  pulmonary  (b),  gross  pulmonary  hemor¬ 
rhage  (c),  pleural  hemorrhage  (d),  engorged  pulmonary  artery  (e).  and  engorged  vena 
cava  (f). 

4,  Cough  and  expectoration^  ivkich  -icere  jiresend  in  (dl  hut  the  mildest  in¬ 
juries. — Wlien  the  expectorated  material  Hrst  appeared,  about  24  hours  after 
injury,  it  Avas  thin  and  mucoid.  Later,  it  became  thick  and  mucopurulent. 
Often,  it  Avas  streaked  witli  dark  blood,  and  in  an  occasional  case,  there  was  free 
hemoptysis.  Expectoration  usually  lasted  al)out  10  days.  Almost  all  dead  or 
(lying  casualties  vtere  found  to  have  frothy,  blood-stained  fluid  in  the  nose  and 
mouth. 

5.  Ahdomimd  pain  and  rigidity. — These  Hndings,  Avhich  were  present  in 
only  a  few  blast  injuries,  were  explained  by  extrapleural  hemorrhages,  which 
had  an  irritative  etfect  on  the  intercostal  nerves  and  mus(‘les.  In  an  occasional 
ense.  the  persistence  and  prominence  of  these  findings  provided  an  indication 
for  laparotomy. 

().  partial  fixation  of  the  chest  in  tlte  position  of  inspiration. — iMowunent, 
ahliough.  limited,  was  equal  on  both  sides. 

In  the  absence  of  complications,  the  ]xn‘cussion  note  was  resonant.  Lreath 
soiimls  w(‘i'e  usually  weaker  than  normal,  espcxually  at  the  bases,  and  coarse 
broMcliial  rales  were  fr(M|uently  heard  in  both  lungs. 
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Tliese  observations  are,  in  general,  in  correspondence  vitli  those  reported 
by  Dean  and  Ids  associates  {0)  in  27  patients  vdioin  tliey  examined  from  7  to  10 
days  after  they  had  been  close  to  bursting  high  explosi\'e  bombs.  Three  of  the 
casualties  had  been  immersed.  P"lxternal  injuries  included  extensive,  but  supcr- 
licial,  burns  in  21  cases;  fractures  in  5  cases;  and  multiple  splinter  wounds  of 
the  leg  in  1  case. 

There  Avere  no  obvious  chest  injuries,  and  only  six  patients  had  symptoms 
referable  to  the  chest.  None  complained  of  chest  pain  or  hemoptysis.  In  no 
instance  did  the  symptoms  deATlop  on  the  day  of  bombing;  all  appeared  betAveen 
tlie  second  and  fifth  days.  Sixteen  patients  had  abnormal  physical  signs,  in  15 
instances  the  characteristic  fixation  of  the  chest  just  described;  in  1  instance 
the  intercostal  spaces  shared  tlie  fullness. 

Roentgenologic  examination. — If  the  classical  pathologic  picture  Avas 
present,  roentgenograms  slioAved  lieaA-y  mottling  OA'er  large  areas  of  the  lung 
fields,  corresponding  Avith  the  interstitial  and  alATolar  hemorrhages  observed, 
and  varying  in  size  and  density  Avith  the  extent  of  the  lesions.  The  roentgeno¬ 
logic  hndings  suggested  those  obsei'ATd  in  patchy  pneumon ia.  They  disai)peared 
Avithin  a  Aveek  in  mild  injuries  but  persisted  for  Aveeks  in  seATre  injuries. 
Roentgenologic  abnormalities  Avere  present  in  14  of  the  27  patients  studied  by 
Dean  and  his  associates. 

Diagnosis. — The  first  consideration  in  a  suspected  blast  injury  was  a  his¬ 
tory  of  exposure,  Avhich,  in  spite  of  its  importance,  had  to  be  interpreted  Avith 
caution.  The  effects  of  blast  Avere  often  a  factor  in  Avounds  from  high  explosives, 
but  the  seriousness  of  the  penetratiiig  Avounds  Avas  likely  to  oAT.rshadoAV  them. 

Other  diagnostic  criteria  consisted  of  the  presence  of  shock;  the  various 
respiratory  symptoms  described ;  the  characteristic  bulging  of  the  loAver  portion 
of  the  chest,  Avhich  Avas  held  almost  immobile  in  the  inspiratory  position;  and 
the  finding  of  blood  in  the  lungs  and  air  passages.  Ruptured  eardrums  Avere 
pathognomonic.  Roentgenologic  findings  Avere  confirmatory. 

The  essential  features  of  diagnosis  Avere : 

1.  The  absence  of  any  significant  external  e\4dence  of  violence  to  the  chest. 

2.  Hemorrhagic  lesions  in  both  lungs,  as  shoAvn  by  the  character  of  the  fluid 
expectorated  or,  less  often,  by  hemoptysis,  or  b}"  autopsy  confirmation. 

Management 

The  management  of  blast  injury  Avas  never  really  satisfactory.  The  routine- 
consisted  of  the  folloAving  measures : 

1.  The  treatment  of  shock. — IIoAvever  deep  Avas  the  state  of  shock  and 
hoAvever  much  associated  injuries  demanded  intensive  measures,  resuscitation 
had  to  be  carried  out  cautiously  from  the  standpoint  of  replacement  therapy. 
Injudicious  use  of  any  fluid,  including  blood,  might  increase  pulmonary  edema. 
An  occasional  patient,  in  fact,  in  Avhom  edema  and  congestion  Avere  particularly 
marked,  responded  to  ATnesection,  Avhich.  Avas  emploATd  as  a  lifesaAnng  measure. 
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Some  medical  officers,  in  order  to  reduce  the  amount  of  diiid  infused,  admin¬ 
istered  serum  albumin  in  lOO-cc.  doses  every  4  hours  for  three  or  four  doses. 

2.  The  Gonflnuoiis  adinhiistmtlon  of  oxygen. — This  measure  vas  used  espe¬ 
cially  if  cyanosis  vais  a  feature  of  the  injury,  or  intermittent  positive  pressure 
oxygen. 

3.  The  ccmtioiis  use  of  movfhlne.. — Morphine  was  used  on  strict  indications 
and  in  doses  of  not  more  than  gr.  %  if  pain  could  not  be  controlled  otherwise. 

4.  Positioning. — Since  the  bases  of  the  lungs  were  usually  involved  in  the 
hemorrhagic  process,  tlxe  best  position  was  with  tlie  shoulders  raised.  In  the 
occasional  instance  of  unilateral  blast  injury,  the  patient  Avas  placed  on  the 
damaged  side,  to  Iveep  the  blood  from  trickling  doAATi  the  bronchi  into  the  un- 
ajfected  lung. 

5.  Local  nerve  hloch. — This  measure  Avas  employed  to  control  jAain  and 
permit  free  respiration. 

G.  Other  The  administration  of  adrenalin  Avas  not  Avithout 

risk,  but  it  Avas  occasionally  used  to  overcome  a  temporary  spasm  of  the  bron¬ 
chioles.  Atropine  Avas  also  occasionally  used  to  diminish  exudation.  A  sul¬ 
fonamide,  or  penicillin  AAdien  it  became  available,  Avas  used  as  preventive,  measure. 

If  surgery  A\'as  necessary  for  other  A\'ounds,  it  Avas  postponed  as  long  as 
j^ossilAle,  and  then  Avas  done  under  local  analgesia  or  Avith  Pentothal  sodium 
(thiopental  sodium) .  General  anesthesia  Avas  aAmided. 


Case  History 

The  folloAving  case  histoiy  concerns  the  only  ATilid  blast  injury  recorded 
in  the  experience  of  the  2d  Auxiliary  Surgical  Group : 

Case  6. — This  soldier  was  riding  in  the  hack  seat  of  a  command  car  when  the  rear 
wheels  ran  over  a  landmine.  'When  he  recovered  consciousness  some  minutes  later,  he  Avas 
lying  on  the  ground,  beside  a  tree.  His  only  complaint  was  a  bilateral  hearing  impair¬ 
ment.  Speech  and  cerebration  were  not  impaired,  and  he  had  no  dizziness,  headache,  or 
blurred  A'ision.  The  only  external  Avounds  Avere  a  small  puncture  Avound  anterior  to  the 
left  ear,  near  the  temporal  artery ;  a  compound  fracture  of  the  right  ankle :  and  a  simple 
fracture  of  the  left  ankle. 

Wire  splints,  extending  aboA^e  the  knee,  Averc  applied  in  a  collecting  station.  Later, 
the  Avound  of  the  right  leg  aauis  debrided,  and  plaster  casts  AA^ere  applied  to  both  legs. 

^ATien  the  patient  Avas  admitted  to  the  oSth  Evacuation  Hospital,  52  hours  after  injury, 
he  AAurs  in  good  condition,  Avas  talking  rationally  and  normally,  and  had  no  complaints. 
Both  pupils  Avere  equal  and  regular.  The  toes  on  both  sides  AA^ere  AA^arin, 

Lour  hours  after  admission,  the  pulse  rate  began  to  range  betAA^een  125  and  130.  A 
little  later,  it  rose  to  140 ;  at  this  time  the  respiration  Avas  32  and  the  blood  i)ressure  98/00 
mm.  Hg.  After  500  cc.  of  plasma  had  been  giA^en,  the  pulse  fell  to  120,  and  the  blood  pres¬ 
sure  Avas  9S/50  mm.  Hg,  The  respiration  AA^as  40  and  the  temperature  100.4°  P.  The 
patient  aauas  A'ery  droAA^sy.  but  he  could  be  aroused,  and  he  Avas  then  mentally  clear. 

After  a  brief  inteiwal,  his  condition  rapidly  AAmrsened ;  the  blood  pressure  dropped,  and 
the  pulse  rate  became  very  rapid.  After  the  foot  of  the  bed  had  been  elevated  and  500  cc. 
of  blood  and  750  cc.  of  plasma  had  been  giA-en,  the  systolic  blood  iiressurc  Avas  recorded  at 
100  mm.  Ilg,  but  the  diastolic  pressure  could  not  be  obtained.  Shortly  nftei’AAuird,  the 
systolic  pressure  fell  to  70  mm.  Hg. 
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About  this  time,  moderate  respiratory  distress  developed,  and  the  patient  began  to  spit 
up  frothy  blood.  The  breath  sounds  were  spottedly  distant,  and  coarse  rales  were 
heard  over  the  entire  chest.  There  was  considerable  consolidation  of  both  bases,  with  a 
marked  friction  rub.  The  upper  abdomen  was  distended,  and  no  peristalsis  could  be  heard. 
Voiding  was  involuntary. 

Respiratory  distress  increased  rapidly,  and  the  patient  became  slightly  cyanotic. 
Frothy  fluid,  streaked  with  bright  red  blood,  was  being  expectorated.  After  the  administra¬ 
tion  of  two  ampules  of  Corainine  (nikethamide)  and  500  cc.  of  blood,  examination  of  the 
chest  revealed  diminished  breath  sounds  and  tactile  fremitus  on  the  left,  with  a  loud  to- 
and-fro  friction  rub.  Oxygen  therapy  was  instituted.  The  blood  pressure  was  now  90/40 
mm.  Ilg.  The  patient,  although  struggling  for  breath,  remained  lucid  enough  to  answer 
(piestions.  His  dyspnea  did  not  seem  of  the  obstructive  type. 

Death  occurred  suddenly,  72  hours  after  injury  and  24  hours  after  admission  to  the 
evacuation  hospital.  There  was  no  response  to  artificial  respiration. 

Autopsy  disclosed  an  entirely  clear  peritoneum  and  retroperitoneal  space.  The  thoracic 
cage  and  diaphragm  were  intact,  as  were  both  pleural  cavities. 

The  lungs  were  expanded,  and  there  were  numerous  areas  of  hemorrhage  and  crepi¬ 
tation.  There  was  no  blood  in  the  i)leural  cavity,  but  when  the  bronchial  tubes  were 
sectioned,  they  were  found  to  contain  frothy,  serous  fluid.  The  heart  was  grossly  normal 
except  for  a  questionable  auricular  thrombosis.  The  thrombi  in  the  pulmonary  artery 
were  regarded  as  a  post  mortem  development. 

Histologic  examination  of  the  lungs  showed  extensive  areas  of  intra-alveolar  extrava¬ 
sations  of  red  cells  intermingled  with  varying  numbers  of  pigmented  macrophages.  Oc¬ 
casional  alveoli  were  fllled  with  fluid  containing  a  few  red  cells.  Other  alveoli,  some 
emphysematous,  were  interspersed  among  them.  Some  of  the  emphysematous  alveoli  had 
ruptured  walls.  The  bronchial  lumen  contained  large  numbers  of  red  blood  cells. 

The  gross  pathologic  diagnosis  (in  addition  to  the  fractures  of  the  lower  extremities) 
was  possible  blast  injury  of  the  lung,  possible  thrombosis  of  the  pulmonary  artery,  and 
possible  thrombosis  of  the  cardiac  auricle.  The  histologic  diagnosis  was  severe  pulmonary 
hemorrhage,  ruptured  alveoli,  congestion  of  the  spleen,  and  epicardiac  hemorrhage. 

Commeni. — This  injury  was  difficult  to  evaluate  from  the  clinical  standpoint,  and  the 
diagnosis  of  blast  syndrome  was  not  made  early  enough  for  therapy  to  lie  precise  and 
effective.  One  can  only  speculate  whether  earlier  recognition  of  the  blast  injury,  with 
intensive  treaiment  directed  toward  it,  would  have  altered  the  outcome. 

Unfortunately,  no  special  fat  stain  was  used  on  the  tissues.  In  some  blast  injuries,  fat 
emboli  were  found  in  the  lungs,  as  they  were  in  some  compound  fractures ;  they  were  more 
often  seen  after  traumatic  amputations  from  landmines.  The  diagnosis  of  blast  injury 
of  the  lungs  was  made  in  this  case  on  the  basis  of  the  ruptured  alveoli. 


ASSOCIATED  WOUNDS 

A  larn-e  proportion  of  thoracic  injuries,  as  pointed  out  elsewhere  (vol.  I), 
were  associated  Avitli  injuries  in  other  parts  of  the  body,  and  tliese  associated 
injuries  ^\eve  frequently  more  serious  than  the  cliest  injuries.  That  other  in¬ 
juries  inig’lit  exist  had  to  he  taken  for  o-canted  in  the  approaclt  to  all  chest 
injuries.  In  otlier  words,  regardless  of  hoAv  s])ecialized.  or  restricted  an  injury 
might  seem,  a  total  therapeutic  approach  necessary.  In  caring*  for  a  casu¬ 
alty,  the  surgeon  had  to  conceix  e  of  him  as  a  total  organism,  not  as  an  assemlily 
of  indmdual  injuries.  The  management  of  the  chest  injury  therefore  had 
to  he  related  to  the  management  of  all  other  injuries. 
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Compound  Fractures 

Compound  injuries  of  the  scapula  and  shoulder  girdle  miglit  furnish 
numerous  problems.  A  missile  of  high  velocity  that  struck  the  scapula  a 
glancing  bloAv  could  cause  extensiA^e  damage  to  the  lieaA^y  muscles  in  the  Aucin- 
ity.  in  addition  to  shattering  and  fragmenting  the  bone.  Although  there  Avas 
ahvays  considerable  question  as  to  hoAv  radical  one  should  be  in  dealing  aa  ith 
fractured  ribs,  there  Avas  rather  general  agreement  that  fractures  of  the  scapula, 
especially  subscapular  fractures,  because  of  the  less  adequate  drainage  possible 
in  this  area,  required  more  radical  management  than  fractured  ribs  in  other 
locations.  Infection  invariably  resulted  if  the  initial  debridement  Avas  not 
complete.  Wide  excision  of  the  damaged  muscles  Avas  necessary,  because  of 
the  great  danger  of  anaerobic  cellulitis  in  this  area. 

Fragments  of  the  alar  portion  of  the  scapula,  if  left  in  situ,  almost  invari¬ 
ably  led  to  continued  suppuration.  Even  AAdien  the  scapula  itself  Avas  not  dam¬ 
aged,  it  Avas  necessary  to  bear  in  mind  the  possible  invoh^ement  of  the 
subscapular  space  Avhen  reconstruction  of  the  course  of  a  missile  that  had  pene¬ 
trated  the  chest  Avail  indicated  this  possibility.  Abscesses  in  this  area  could 
remain  unrecognized  for  long  periods  of  time. 

Debridement,  to  be  entirely  adequate,  Avould  liaA^e  required  an  incision 
approaching  in  magnitude  the  incision  necessary  for  thoracoplasty  and  Avould 
also  liaA^e  required  mobilization  of  the  scapula.  Such  radical  measures  could 
not  be  justified  on  the  mere  possibility  that  a  clostridial  infection  might  develop. 
The  usual  inocedure  Avas  to  make  the  incisions  along  the  track  of  the  missile 
at  the  A^ertebral  and  axillary  borders  of  the  scapula,  then  to  perform  as  com¬ 
plete  a  debridement  as  the  exposure  permitted.  Great  care  had  to  be  taken 
during  surgery  in  this  area  not  to  disturb  the  attachment  of  tlie  serratus  ante¬ 
rior;  damage  to  it  could  be  folloAved  by  serious  functional  losses.  As  much 
as  possible  of  the  scapula  Avas  preserved,  particularly  of  the  functionally 
important  upper  third.  Less  hesitancy  Avas  felt  about  removing  as  much  as 
necessary  of  the  loAA^er  tAvo-thirds.  Through-and-through  Penrose  drains  Avere 
inserted,  and  a  dependent  drain  Avas  placed  in  the  subscapular  space  through 
an  incisioji  in  tlie  angle  of  auscultation  at  the  interior  border  of  the  scapula. 

The  patient  Avas  kept  in  the  foiuvard  hospital  in  Avhich  operation  had  been 
done  for  at  least  6  days  after  operation.  The  Avound  Avas  examined  immedi¬ 
ately  if  there  Avas  a  rise  in  the  pulse  rate  or  if  he  complained  of  local  pain 
or  if  his  demeanor  changed,  as  it  characteristically  does  in  clostridial  infections. 

In  six  cases  treated  by  the  technique  just  described.  Major  Sliefts  and 
Capt.  (later  Maj.)  Ernest  A.  Doud,  MC,  had  no  deaths.  On  the  other  hand, 
Maj.  (later  Lt.  Col.)  Keeve  II.  Betts,  MC,  and  Maj.  Mhlliam  M.  Lees,  MC,  lost 
a  patient  from  clostridial  infection  after  AAdiat  Avas  thought  to  be  a  Anry  radical 
debridement.  It  AA’as  their  custom  thereafter  to  use  large  paraAnrtebral  inci¬ 
sions  in  injuries  of  the  subscapular  area,  eAnn  though  intrapleural  damage  had 
not  occurred. 
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When  fractures  ordinarily  treated  by  traction  occurred  in  association  with 
^YOunds  of  the  chest,  some  compromises  in  therapy  were  necessary.  Prolonged 
immobilization  in  traction  was  inimical  to  satisfactory  progress  in  chest  inju¬ 
ries.  The  patient  had  to  be  kept  maneuA^erable.  Precise  fracture  alinement 
could  not  be  achicA^ed  at  the  expense  of  thoracic  crippling.  Fortunately,  the 
orthopedic  repertoire  A\\as  extensive  enough  and  flexible  enough  to  permit  the 
application  of  a  regimen  that  Avould  reduce  the  fracture  satisfactorily  AAuthout 
jeopardizing  the  outcome  of  tlie  chest  lesion. 

Vascular  Injuries 

Injuries  to  the  great  A^essels  of  the  axilla  and  at  the  root  of  the  neck  Avere 
not  alAvays  recognized  at  initial  Avound  surgery  for  chest  injuries,  and  careful 
observation  Avas  necessary  in  base  hospitals.  OtherAvise,  important  delayed 
sequelae  of  the  Auiscular  injuries  might  be  overlooked.  It  Avas  particularly 
necessary  to  be  suspicious  AyheneATU'  the  point  of  entry  of  the  missile  Avas  over 
the  apical  region  of  the  thorax.  In  one  such  case  (p.  244),  on  the  basis  of 
roentgenologic  examination  and  the  repeated  aspiration  of  clotted  blood  from 
the  chest,  the  casualty,  Avho  had  sustained  a  penetrating  Avound  of  the  right 
apical  region  3  months  before,  Avas  thought  to  have  only  a  hemothorax.  Plis 
progress  Avas  satisfactory  until  he  had  a  sudden  attack  of  dyspnea  and  pain 
in  the  right  chest.  Soon  after,  he  AA^ent  into  profound  shock  and  died  promptly. 
Necropsy  revealed  a  rupture  of  a  traumatic  aneurysm  of  the  first  portion  of  the 
right  subclavian  artery. 

It  Avas  ahvays  necessary,  Avhen  operation  Avas  undertaken  for  early  massive 
empyema  or  clotted  hemothorax,  to  remember  the  possible  presence  of  a  trau¬ 
matic  aneurysm  of  the  subclavian  artery,  as  in  the  case  just  described,  or  of 
the  innominate  artery.  Ignorance  of  the  presence  of  the  Avascular  lesion  could 
easily  result  in  catastrophe  on  the  ojierating  table. 

in  a  case  obseiwed  by  Major  BreAAW’  at  the  21st  General  Hospital,  the 
patient,  Avho  had  a  foreign  body  in  the  chest  Avail,  Avas  conscious  of  a  bruit  that 
caused  him  considerable  annoyance.  It  also  made  him  so  apprehensive  that 
he  Avas  afraid  to  perform  even  moderate  activity.  A  thrill  Avas  present,  but 
there  was  no  erosion  of  the  rib  and  no  cardiac  embarrassment.  A  large  hemo¬ 
thorax  had  previously  been  completely  evacuated  by  repeated  thoracenteses. 
After  a  diagnosis  had  been  made  of  aneurysm  of  the  intercostal  artery  and 
A^^ein,  the  lesion  Avas  excised,  for  prophylactic  reasons,  and  the  foreign  body  in 
the  chest  Avail  AA-as  remoA^ed.  The  patient  AA^as  able  to  return  to  full  duty.  It 
is  believed  that  this  is  the  only  case  of  the  kind  to  be  obseiu^ed  in  the  iMediter- 
ranean  theater  during  the  Avar. 

If  ligation  of  the  subclavian  or  axillary  A^essels  had  been  necessary  in  a 
forAvard  hospital,  thoracic  surgeons  in  general  hospitals  had  to  determine 
AA'hether  or  not  an  adequate  collateral  circulation  existed.  Measures  to  main¬ 
tain  the  circulation,  or  to  increase  it  if  it  Avas  deficient,  Avere  imperatiA^e. 
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T]ie  most  useful  uieasures  to  eoiitrol  edema  were  pr()j)er  ])ositjouiug  of  tlie  hand 
and  arm:  intelligently  ap])lied  massage:  and  procaine  hydrochloride  block  of 
the  inferior  cervical  ganglion,  repeated  every  24  to  48  hours  as  necessary. 

As  a  rule,  casualties  -with  arteriovenous  fistulas  resulting  from  combined 
thoracicwascular  injuries  ■were  e\’acuated  to  the  Zone  of  Interior  for  final 
surgery.  If,  howeA'er,  e^’acuation  Avas  delayed  for  an  inordinately  long  period 
and  compression  tests  rexealed  a  satisfactory  collateral  circulation,  operation 
Avas  done  OA^erseas.  Quadruple  ligation  Avith  excision  Avas  the  procedure  of 
choice. 


Neurologic  Injuries 

Brachial  plexus. — The  injuries  of  the  brachial  plexus  frecpiently  asso¬ 
ciated  Avitli  chest  injuries  constituted  a  neurologic  problem.  Careful  examina¬ 
tion  ill  both  foi'Avard  and  base  hospitals  Avas  necessary  in  e\'ery  chest  injury, 
to  determine  their  presence  or  absence.  It  Avas  often  impossible  to  settle  this 
matter  positixely  in  the  first  feAV  days  after  injury;  during  this  period,  the 
neurologic  findings  present  might  be  caused  by  contusion  of  the  nein^e  as  Avell 
as  by  laceration.  If  the  injury  Avas  only  a  contusion,  sensation  and  function 
ATOuld  return  promptly. 

Head  injuries. — Head  injuries  Avere  freipiently  associated  Avith  thoracic 
injuries,  and  patients  Avith  head  injuries  Avere  particularly  prone  to  chest  com¬ 
plications.  Atelectasis  and  pneumonitis  Avere  ever-present  threats,  particu¬ 
larly  in  patients  AAdio  Avere  deeply  comatose.  Chest  surgery  Avas  kept  to  an 
absolute  minimum  in  these  circumstances.  Careful  nursing,  drainage  of  the 
tracheobronchial  tree  by  catheter  and  bronchoscope,  and  the  administration 
of  penicillin  Avere  all  employed  to  avoid  serious  and  fatal  pulmonary 
complications. 

Spinal  injuries. — ^In  one  series  of  768  chest  injuries  studied  by  the  2d  Aux¬ 
iliary  Surgical  Group,  there  Avere  23  spinal  cord  injuries.  Fractures  of  the 
Awtebrae  Avere  also  frequently  associated  Avith  Avar  Avounds  of  the  chest. 

Boentgenologic  examination  of  the  spine  Avas  routine  AA'henever  there  Avas 
any  complaint  of  pain  in  the  back  or  the  cerA'ical  region.  Some  injuries  Avere 
detected  only  AAdien  the  patients  became  ambulatory;  they  had  fallen  or  been 
throAvn  Avith  considerable  force  Avhen  they  Avere  injured,  and  the  simple  vertebral 
fractures  they  had  sustained  Avere  not  noticed  during  their  initial  treatment 
because  of  the  greater  importance  of  other  injuries. 

Associated  injuries  of  the  chest  and  the  spinal  cord  constitnted  one  of  the 
most  distressing  complexes  seen  in  Avar  surgery.  The  close  anatomic  juxtaposi¬ 
tion  of  the  structures  of  the  spine  and  thorax  made  it  inevitable  that  major 
injuries  should  affect  both  regions  in  a  considerable  number  of  cases.  Casualties 
Avith  these  so-called  thoracospinal  Avounds  Avere  open  to  the  complications 
inherent  in  both  lesions.  There  Avas  a  marked  predilection  for  paralyzed 
patients  Avith  chest  Avounds  to  deA^elop  infection  of  either  the  pleura  or  the 
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pulmonary  parencliyma.  I-Iemoilioraces  AYere  much  more  likely  to  become  in¬ 
fected  than  ill  patients  ATithout  spinal  cord  lesions. 

Tlie  most  important  component  of  management  of  these  combined  injuries 
Avas  intelligent  nursing  care  {12).  Patients  Avere  nursed  in  the  face-doAATi 
position,  AA'-lienever  this  A^'as  practical,  and  Avere  turned  at  frequent  intervals, 
to  preA^ent  the  development  of  decubitus  ulcers.  Air  mattresses  Avere  used  AAdien 
they  Avere  available.  Coughing  and  breatliing*  exercises  Avere  carefully  siiper- 
Aused.  Eepeated  thoracenteses  Avere  performed,  to  dry  up  the  pleural  caAnty 
as  rapidly  as  possible.  If  empyema  developed  rib-resection  drainage  Avas 
usuallA'  employed;  these  patients  Avere  seldom  in  condition  for  the  more  radical 
procedure  of  decortication. 

Patients  Avitli  combined  spinal  cord-thoracoabdominal  injuries  Avere  par¬ 
ticularly  diflicult  to  care  for.  Maiw  of  the  Avounds  Avere  tangential,  a  type 
likely  to  be  associated  Avith  far  more  pulmonary  contusion  and  damage  tlian 
the  average  penetrating  or  perforating  Avound.  It  Avas  impossible  for  the 
patients  to  cough  etlectively  because  of  paralj^sis  of  the  loAver  intercostal  and 
abdominal  muscles.  The  flared  costal  angle,  the  segmental  motion  of  the  chest 
Avail,  the  relaxed  abdomen,  and  the  feeble  bechic  blast  Avere  all  characteristic  of 
these  combined  Avounds.  In  many  cases,  tracheobronchial  aspiration  Avas  neces¬ 
sary  as  often  as  CA^ery  1  to  3  hours.  Contrary  to  the  usual  obserAution,  support 
of  the  abdomen  and  loAver  ribs  by  binders  or  adhesive  strapping  seemed  to  make 
coughing  moi'e  efficient. 

It  Avas  observed  in  certain  patients  Avith  combined  injuries  of  the  chest  and 
spinal  cord  that  the  level  of  anesthesia  caused  by  the  spinal  injury  seemed  to 
play  a  considerable  part  in  the  outcome  from  the  standpoint  of  the  chest  injury. 
I)eath  sometimes  occurred  from  intractable  pulmonarA'  edema.  There  Avas  no 
response  to  positiA^e  pressure  oxygen  therajAv  or  endotracheal  suction,  e\'en 
though  the  chest  Avounds  Avere  not  in  themselA^es  potentially  lethal. 

Analysis  of  a  number  of  these  fatalities  led  to  the  conclusion  that  the  letlial 
factor  Avas  paralysis  of  the  abdominis  recti  muscles.  E'ormally,  the  tone  of 
the  recti  in  a  gentle  cough,  or  their  actual  contraction  during  a  vigorous  cough, 
provides  the  diaphragm  Avith  opposing  intra-abdominal  pressure.  When  the 
pressure  Avas  lost  by  reason  of  paralysis  of  the  recti,  the  cough  became  ineffec- 
twe;  the  expulsive  action  resulted  in  notliing  more  than  bulging  outAvard  of 
the  abdomen ;  and  intractable  pulmonary  edema  Avas  the  consequence. 

This  chain  of  eA^ents  Avas  clear  in  tAvo  of  four  cases  of  combined  spinal 
cord-chest  injuries  treated  in  a  field  hospital  in  the  Mediterranean  theater  by 
Major  Shefts  and  Captain  Doud.  All  four  patients  presented  a  typical  picture 
of  transA^erse  myelitis,  and  all  had  pleuropulmonary  damage  of  about  the  same 
degree.  The  tAvo  fatalities  Avere  directly  related  to  the  level  of  cutaneous 
anesthesia.  They  occurred  4  and  5  days,  respectively,  after  debridement  of 
the  chest  Avounds,  from  pulmonary  edema  that  did  not  respond  to  any  measures, 
including  positive  pressure  oxygen  and  endotracheal  suction.  One  patient 
had  anesthesia  from  beloAv  the  xiphoid  process  and  the  other  from  just  beloAV 
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the  nipples.  The  tAvo  patients  avIio  survived  liad  skin  anesthesia  beloAv  the 
umbilicus,  one  just  beloAv  tlie  umbilicus  nnd  the  other  halfAvay  betAveen  the 
umbilicus  and  the  symphysis  pubis. 

While  a  del’eatist  attitude  Avas  ncATr  permitted  in  combined  spinal  cord- 
tlioracic  injuries,  it  Avould  IiaA^e  been  unrealistic  not  to  recognize  their  potential 
lethality.  In  many  cases,  therefore,  the  frank  ol)jective  of  treatment  Avas  to 
sah^age  these  unfortunate  men  long-  enough  to  permit  them  to  be  returned  to 
the  Thiited  States,  so  that  they  could  spend  their  remaining  days  at  liome  and 
Avith  their  families.  This  Avas  possible  in  inany  of  the  most  apparently  hopeless 
cases. - 
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-The  reader  is  referred  to  c*hai)ter  XI  (p.  441)  for  long-term  followup  studie.s  of  the  various 
t.vpes  of  wounds  described  in  this  chapter. 


CHAPTER  II 


Wounds  of  the  Heart  (Including  Retained 
Foreign  Bodies),  Mediterranean  (Formerly  North 
African)  Theater  of  Operations 

Lyman  A.  Brewer  III,  M.D.,  and  Thomas  H.  Burford,  M,D. 

INCIDENCE 

Ill  World  War  I,  as  Makiiis  {!)  pointed  out,  casualties  ivitli  cardiac  Avounds 
AAdio  surAuved  to  come  under  the  care  of  a  surgeon  AAxre  hit  either  by  relatii^ely 
small  missiles  or  by  missiles  traA^eling  AAdth  reduced  degrees  of  A^elocity.  The 
same  situation  piwailed  in  World  War  II.  In  the  2%  years  that  elapsed  be- 
tAA^een  the  first  Allied  landings  in  North  Africa  on  8  November  1942  and  the 
end  of  hostilities  in  Italy  on  2  May  1945,  only  75  of  the  2,267  thoracic  and 
thoracoabdominal  Avounds  encountered  by  the  teams  of  the  2d  Auxiliary  Surgi¬ 
cal  Group  Avere  instances  of  cardiac  or  pericardial  injury.  This  is  an  incidence 
of  3.3  percent.  Of  the  75  injuries,  18  AA^ere  examples  of  pure  pericardial  trauma. 
In  the  other  57  cases,  the  heart  Avas  involved  (table  5).  No  single  team  en¬ 
countered  more  than  10  cases. 

In  1  of  the  75  cases,  the  only  stab  Avound  in  the  series,  the  Avound  Avas  self- 
inflicted.  The  remainder  of  the  injuries  Avere  all  battle-incurred,  in  53  instances 
from  shell  fragments  and  in  21  from  small  anus  fire.  In  2  of  the  18  pure  peri- 


Tarle  q.— Distribution  of  injuries  and  anatomic  involvements  in  56  comhat-incurred  cardiac 

injuries  ^ 


Type  of  injury 

Cases  1 

Anatomic  involvement 

A^entrides  | 

Auricles 

Botli 

Contusion.'^- 

Lacerations _ _ 

CoiitiisioMS  and  lacerations - 

Perforating  or  penetrating 

IG 

10 
10 
i  19 

1 

Right 

5 

2 

2 

3 

:  Left 

7 

7 

o 

7 

1. 

Both 

3 

2 

Right  \ 
1 

1 

7 

Left 

2 

Right 

Left 

Totals. _ 

5G 

12 

27 

i 

5 

9 

2 

1 

1  Tliis  table'  does  not  iucliKlo  a  self-in nictod  stab  wound,  from  which  th.c  patient  recovered.  It  also  does  not  include 
IS  combat -incurred  i>cricardial  injuries,  ‘6  of  which  were  fatal. 
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Figure  11.— Fatal  cardiac  contusion.  A.  Specimen  Avitlioiit  extensive  pericardial 
damage.  B.  Cross  section  showing  endocardial  tlirombi  (a).  In  this  case,  rib  frag¬ 
ments  acted  as  secondary  missiles  (b). 

cardial  injuries,  the  dainawe  was  caused  directly  by  rib  frao-ments,  and  in  at 
least  1  other  case,  extensive  contusion  of  the  myocardium  was  caused  by  rib 
fragments  which  acted  as  secondary  missiles  (fig,  11) .  In  43  cases,  the  injuries 
were  confined  to  the  chest;  in  the  other  32  cases,  the  wounds  were  thoracoab¬ 
dominal. 

As  these  statistics  indicate — 75  cardiac  wounds  in  2,267  thoracic  and 
thoracoabdominal  injuries — wounds  of  the  heart  were  not  observed  with  any 
great  frequency  in  forward  liospitals  of  the  Mediterranean  theater.  The 
reason,  as  already  intimated,  is  that  they  were  usually — though  not  always 
(fig.  12) — promptly  fatal,  lliese  figures  take  no  account  of  immediately  fatal 
wounds,  nor  do  any  reliable  statistics  exist  concerning  them.  In  the  analysis 
of  1,000  battlefield  deaths  by  Capt.  William  W.  Tribby,  MC  (2),  it  did  not 
prove  practical  to  perform  routine  autopsies,  and  even  this  remarkable  series 
therefore  contributes  nothing  really  definite  concerning  the  number  of  casualties 
with  cardiac  wounds  who  died  on  the  field. 

It  should  be  remembered  in  reading  this  chapter  that,  as  will  be  discussed 
in  more  detail  later,  in  every  instance  in  this  series,  the  cardiac  injury  was  only 
a  single  feature  of  the  trauma.  In  addition  to  their  cardiac  injuries,  all  of  these 
casualties  had  sustained  more  or  less  extensive  wounds  of  adjacent  thoracic 
structures,  and  the  chest  wounds  in  many  instances  were  further  complicated 
by  serious  wounds  of  other  parts  of  the  body. 
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Figuiu-  12.— Survivor  of  cardiac  wound  shortly  after  inachiiiegmi  slug  had  been  removed 
from  his  heart.  He  went  on  to  complete  recovery. 


The  data  in  tliese  cases,  most  of  Avliicli  Avere  cared  for  under  stress  of  battle 
conditions  in  forAA^ard  hospitals,  are  remarkably  complete,  thanks  to  the  special 
records  kept  by  the  teams  of  the  2d  Auxiliary  Surgical  Group.  The  presein^a- 
tion  of  essential  data,  iiicludino-  roento'enograms  and  electrocardiograms,  AA^as 
facilitated  by  the  peculiar  and  often  dramatic  nature  of  the  injury,  Avhich  at¬ 
tracted  the  attention  of  shock  officers  and  internists  as  aaxII  as  surgeons.  Per¬ 
sonal  notes  on  the  records,  and  personal  comments  by  the  medical  officers  AAdio 
cared  for  the  patients,  proAuded  more  information  in  these  cases  than  Avas  usu¬ 
ally  obtainable  from  CA^en  specially  kept  clinical  records, 

CLINICAL  PICTURE  AND  DIAGNOSIS 
Diagnostic  Considerations 

The  preoperatAe  diagnosis  of  injuries  of  the  heart  Avas  not  only  difficult 
in  itself  but  Axas  sometimes  not  made  because  examination  Avas  not  directed 
toAAUfrd  their  discovery.  One  reason  for  the  omission  Avas  the  impression  tliat 
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casultie5j  with  cardiac  wounds  did  not  live  long-  enough  to  arrive  at  a  forward 
hospital.  As  a  result,  symptoms  and  signs  arising  from  the  cardiac  wound, 
particularly  anoxia,  were  often  attributed  to  other  injuries  that  Avere  present 
and  that  complicated  the  diagnosis.  There  is  no  doubt  that  more  careful  clin¬ 
ical  examinations  would  have  led  to  an  increase  in  correct  diagnosis.  It  is 
significant  that  the  same  three  medical  officers  made  all  seven  observations  of 
arrhythmia  in  the  2d  Auxiliary  Surgical  Group  series.  As  Avith  anoxia,  the 
relation  of  tachycardia  to  the  cardiac  wound  had  to  be  based  on  ruling  out  all 
other  causes  for  this  sign.  No  single  symptom  or  sign  Avas  usually  sufficient  to 
establish  the  diagnosis  of  cardiac  injury. 

The  patient  Avas  usually  designated  for  surgery  on  the  suspicion  of  a 
thoracoabdominal  Avound,  or  the  cardiac  Avound  Avas  found  in  the  course  of 
traumatic  thoracotomy  or  during’  debridement  of  a  large  suclving  AAmnid,  or 
it  Avas  searched  for  because  of  continued  intrathoracic  bleeding  during  the 
course  of  presumably  adequate  resuscitation.  In  15  of  the  Y5  cases  in  the  2d 
Auxiliary  Surgical  Group  series,  the  injury  was  discovered  at  post  mortem. 
In  a  feAv  cases,  it  Avas  found,  in  retrospect,  that  the  symptoms  and  signs  recorded 
on  the  chart  should  have  aroused  suspicion  before  ox^eration  or  autopsy. 

Symptoms  and  Signs 

Symptoms  and  signs  Avere  divided  into  tAvo  groups,  symptoms  due  to 
anoxia  and  signs  suggestiAn  of  cardiac  dysfunction. 

In  this  series,  six  patients  AAnre  recorded  as  dyspneic,  six  as  needing  con¬ 
tinuous  oxygen,  fiAn  as  mentally  confused  or  semistuporous,  and  three  as 
cyanotic.  Tefore  these  findings  could  be  attributed  to  a  cardiac  AAmmd,  how¬ 
ever,  other  causes  of  oxygen  deficiency,  such  as  hemorrhage,  hemothorax, 
compression  pneumothorax,  and  extensiAn  peritoneal  contamination,  had  to 
be  ruled  out.  When  these  conditions  liad  been  eliminated  and  symptoms  due  to 
anoxia  persisted  out  of  all  proportion  to  Adsible  thoracic  damage,  then  there 
Avas  justification  for  regarding  them  as  due  to  a  cardiac  lesion. 

Signs  suggestive  of  cardiac  dysfunction  included  persistent  tachycardia 
(a  pulse  of  120  or  above)  in  eight  cases,  arrhythmia  in  seven  cases  (transient 
fibrillation  in  one  and  extrasystoles  in  six),  bradycardia  (a  pulse  beloAv  65) 
in  tAAm  cases,  an  apical  systolic  murmur  and  a  precordial  friction  rub  in  tAAm 
cases  each,  a  x^^i^nidoxical  jAulse  in  one  case,  and  nausea  and  Ammiting  in  one 
case. 

Botli  precordial  friction  rubs  Avere  heard  for  the  first  time  24  Imurs  after 
injury ;  ox^eration  Avas  delayed  3  days  in  one  case  and  5  days  in  the  other.  Since 
a  friction  rub  or  splash  Avas  noted  in  eight  additional  cases  after  operation,  it 
Avas  concluded  that  a  certain  length  of  time  must  elapse  after  Avounding  Ijefore 
this  sign  appears.  XXie  explanation  of  this  pbenomenon  is  the  presence  in  the 
X:)ericardium  of  air  aiid  fluid.  It  Avas  seldom  seen  because,  in  most  instances, 
the  x^ericardial  fluid  had  drained  into  the  pleural  cavity  before  surgery. 


WOUNDS  OF  THE  HEART 


53 


The  single  instance  of  paradoxical  pulse  occurred  in  a  patient  with  severe 
m^^ocardial  contusion,  who  died  in  the  shock  ward.  The  persistent  nausea 
and  vomiting  noted  in  one  case  was  uncommon  in  thoracic  wounds  and  led 
to  the  suspicion  of  a  thoracoabdominal  wound.  Whether  or  not  it  was  caused 
by  the  cardiac  wound,  it  was  associated  with  it  and  made  for  further  diagnostic 
dithculties. 

A  precordial  crunch  or  click  was  occasionally  heard,  synchronous  with 
the  heartbeat.  It  was  associated  with  mediastinal  emphysema  and  was  not 
considered  related  to  the  cardiac  trauma. 

In  retrospect,  the  most  important  diagnostic  findings  were  considered  to  be : 

1.  A  sustained  pulse  of  120  or  more  after  restoration  of  satisfactory  arterial 
tension  by  adequate  resuscitation. 

2.  Continued  cyanosis  after  recovery  from  shock. 

3.  Dyspnea  out  of  all  proportion  to  the  evident  pulmonary  pathology. 
In  several  patients  with  cardiac  wounds  in  this  series,  oxygen  had  been  neces¬ 
sary  in  the  clearing  station  because  of  severe  dyspnea  and  cyanosis. 

4.  The  necessity  for  the  early  and  continuous  use  of  oxygen.  These  clinical 
findings  were,  of  course,  in  addition  to : 

a.  The  obvious  presence  of  a  precordial  wound. 

b.  The  projection  of  the  course  of  a  missile  which  might  reasonably  have 
involved  the  heart. 

In  a  number  of  instances,  irregularities  of  cardiac  rhythm  Avere  not  ap¬ 
parent;  abnormal  cardiac  sounds  were  not  heard;  and  there  Avas  a  notable 
absence  of  significant  symptoms  and  signs,  or  those  present  Avere  so  triAual 
as  to  be  misleading.  Makins  (1)  had  called  attention  to  these  obseiwations  in 
his  account  of  cardiac  injuries  in  World  War  I.  Generally  speaking,  the 
safest  plan  Avas  to  suspect  cardiac  injuiy  wdienever  a  patient  seemed  generally 
Avashed  out;  had  a  sustained,  rapid  pulse  with  transient  irregularities  of 
rhythm ;  and  had  a  persisting  need  for  oxygen. 

Adjunct  Diagnostic  Measures 

Roentgenologic  and  fluoroscopic  studies. — In  15  cases,  there  was  roent¬ 
genologic  eAudence  of  the  injury.  In  eight  cases  the  films  shoAved  a  foreign 
body  in  the  region  of  the  heart,  and  in  four  instances  the  object  Avas  termed 
fuzzy  or  double-contoured.  In  five  cases  the  cardiac  shadoAv  Avas  altered  in 
size  or  shape.  In  tAAm  cases  the  object  Avas  tliought  to  be  in  the  region  of  the 
heart,  but  there  Avas  no  definite  proof.  In  localizing  missiles  Avitliin  the  cardiac 
shadoAV,  it  Avas  necessary  to  use  heavy  penetration  (fig.  13),  accomplished  by 
llie  bone  technique  or  the  use  of  the  Potter-Bucky  diaphragm.  A  missile  could 
be  completely  oA^erloolved  if  the  chest  Avas  examined  Avith  the  usual  exposure. 
The  interpretation  of  roentgenologic  enlargement  of  the  heart  was  also  open 
to  some  question  AvlAen  roentgenograms  Avere  made  shortly  after  injury,  since 
there  is  usually  no  appreciable  stretching  of  tlie  pericardium  Avhen  fluid  first 
appears  in  it. 
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Figuke  13. — Foreign  bodj^  in  left  ventricle  of  heart.  A.  l*osteroanterior 
roeiitgenograni,  with  ma.ssive  left-sided  hemothorax  obscuring'  foreign 
body.  B.  Same,  taken  with  deep  penetration  technique,  showing  foreign 
body  in  situ.  C.  Lateral  roentgenogram. 

Some  cardiac  injuries  were  not  suspected  until  repeated  X-ray  studies  in 
a  general  hospital,  combined  with  huoroscopy,  revealed  their  presence. 

The  cardiac  injury  also  might  be  suspected  by  plotting  the  probable  course 
of  the  missile,  using  the  external  wounds  and  fractured  ribs  as  landmarks. 
Diagnosis  was  accomplished,  or  suspicion  was  aroused,  by  use  of  this  technique 
in  22  of  the  To  cases  in  this  series.  On  the  other  hand,  it  was  easy  to  be  misled 
concerning  a  cardiac  wound  if  the  foreign  body  happened  to  lie  free  in  the 
pleural  cavity. 
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Fkjure  18. — Contiiuied.  D.  Fragiiient  after  removal. 


The  diagnostic  results  might  have  been  better  if  fluoroscopy  had  been 
employed  more  frequently,  since  this  method  permitted  observation  of  possible 
movement  of  the  object  and  also  made  it  possible  to  determine  whether  it  was 
included  in  the  cardiac  shadow  in  all  projections.  The  cardiac  outline  was 
variously  described  as  fuzzy,  blurred,  enlarged,  or  of  water-bottle  shape.  In 
two  cases  in  whicli  the  outline  was  described  as  blurred  or  fuzzy,  operation 
revealed  hemorrhage  within  the  pericardial  membrane  and  in  the  areolar  tissues 
of  the  lower  mediastinum. 
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ITguke  14. — Foreign  body  in  wall  of  left  ventricle  near  cardiac  apex. 
A.  Ib)steroaiiterior  roentgenogram.  B.  Right  anterior  obli(iue  roentgeno¬ 
gram.  The  electrocardiogram  was  consistent  with  myocardinl  injury. 


Electrocardiography. — Neither  electrocardiograms  nor  ortliodiagrains 
were  available  in  forward  hospitals.  Electrocardiograms  were  most  helpful 
in  determining  whether  a  penetrating  wound  of  the  chest  had  involved  the  heart 
(fig.  14),  particularly  when  the  thorax  was  not  explored  at  all  or  was  incom¬ 
pletely  explored  at  debridement.  In  numerous  instances,  these  studies  provided 
assurance  that  the  myocardium  had  not  suflered  injury.  In  a  few  cases,  pro¬ 
gressive  alterations  in  original^  normal  tracings  indicated  the  necessity  for 
removal  of  retained  foreign  bodies. 

The  most  striking  abnormalities,  as  reported  by  Lt.  Col.  Edward  F.  Bland, 
MC,  were  observed  in  myocardial  injuries  and  iiwoh  ed  the  T-waA  es  and  S-T 
intervals.  The  predominating  pattern  was  the  so-called  anterior-apical  type, 
with  inversion  of  Ti,  T.,  and  Th  (fig.  15) .  In  the  posterior  basal  type  of  injury, 
electrocardiograms  were  se(*ured  in  only  two  cases;  in  both,  there  was  imersion 
of  To  and  To.  Electrocardiograms  with  inverted  T-waA'es  in  all  four  leads 
Avere  obtained  in  five  patients.  In  one  of  these  cases,  roentgenograms  shoAved 
foreign  bodies  in  both  the  anterior  and  the  posterior  cardiac  Avails.  There  Avas 
no  explanation  in  the  other  cases  for  the  total  T-Avave  type  of  iiiA'ersion. 

High-grade  (.‘onduction  defects  Avere  not  observed  in  any  instance.  Tavo 
patients  Avith  abnormal  W-shaped  QBS  complexes  of  low  voltage  and  iiiA'crted 
QES  complexes  in  lead,  four  Avere  thought  to  liaA'e  sustained  cardiac  contusions. 
In  one  case,  a  persistent  P-E  inter a^aI  of  borderline  significance  (0.2  second) 
may  haA  e  been  normal  for  this  particular  patient. 

In  some  cases,  in  Avhich  there  AA'as  roentgenologic  proof  of  the  presence  of 
the  foreign  body  in  the  heart  (figs.  IG  and  17),  electrocardiograms  Avere  com¬ 
pletely  normal. 


in  right  side  of  hea: 
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Fhu'ke  it. — SluTl  frM.iiiiHMil'  iii  niitcrior  wall  of  iH'art  in  region  of  ri.u'hl: 
viail  I'ich'.  A.  Hiiilit  )at<o’aI  roCMitiiA'iio^raiii.  Tlio  olootrocardio.uTain 
s]iow('(l  no  abnoniialilios.  If  Kiiiht  aiit(‘rior  ol>li(in('  roeiilgi'iio^Tani. 


CARDIAC  TAMPONADE 

Hemorrliag-e  into  tlie  restricted  confines  of  file  pericardial  sac,  Avitli  result¬ 
ing-  cardiac  tamponade,  Avas  the  cliief  danger  from  a  penetrating  cardiac  ^YOund 
(fig.  18).  Tamponade  ^vas,  lioAA^eA'er,  relati\^ely  infrequent  in  combat-incurred 
injuries,  in  contrast  to  its  frequency  in  ciA'ilian  cardiac  injuries.  The  ex^Dlana- 
tion  is  clear :  In  civilian  life,  small  Avoapons,  sucli  as  knives,  iceiiicks,  and  small- 
caliber  bullets,  are  generally  used.  As  a  result,  the  Avound  is  small,  bleeding 
is  sloAV,  and  tamponade  can  deAxlop  as  a  physical  possibility.  In  combat- 
incurred  injuries,  the  AAmmds  are  large  because  the  missiles  are  large,  and  an 
outlet  for  drainage  into  the  pleural  caAnty  is  therefore  pro  Added.  In  a  feAV 
cases,  pneumopericardium  occurred  (fig.  19),  Avithout  tamponade. 

Hemorrhage  into  the  pericardial  sac  Avas  usualh’  from  the  cardiac  cham¬ 
bers  but  might  also  come  from  a  severed  branch  of  the  coronary  artery,  from 
a  pericardial  A'cssel,  or  from  the  myocardium  itself.  The  thick  muscular  Avail 
of  the  ventricles  seemed  to  tolerate  seA^ere  lacerations,  and  eA'en  total  i^enetra- 
tion,  Avithout  serious  bleeding  if  the  coronary  arteries,  especially  arteries  Avith 
sizable  arterial  branches,  Avere  not  inAmlA’^ed.  In  contrast,  eA^eii  slight  tears 
of  the  thin-Avalled  auricles  AA^ere  apt  to  be  folloAved  by  tamponade,  AAdiich 
could  dcAelop  Avithin  the  space  of  a  few  minutes  and  could  be  rapidly  fatal 
if  it  Avas  not  promptly  corrected.  iMost  casualties  in  aaIioiu  hemorrhage  Avas 
sufficient!}"  rapid  to  produce  early  tamponade  probalily  did  not  IIac  long  enough 
to  reach  a  hospital. 


W()UXJ)S  OF  THE  HEAIIT 


59 


IJ'LcarKR  18. — Sclieniatic  sllo^Yil■lg  of  pathologic  physiology  of  acute 
pericardial  tamponade:  Collapse  of  superior  vena  cava  (a),  collapse  of 
pulmonary  veins  (b),  collapse  of  inferior  vena  cava  (c),  impairment  of 
diastolic  tilling  of  left  and  right  ventricles  (d),  impairment  of  diastolic 
filling  of  stria  (e),  and  increase  of  pressure  in  jugular  vein  (f).  With 
these  findings,  the  heart  is  silent  and  the  pulse  pressure  decreased. 


Diagnosis 

The  diagnosis  of  cardiac  tamponade  was  generally  based  on  the  following 
findings : 

1.  LoiDGred  arterial  jrressure. — In  Elkin’s  (-5)  series,  this  finding  ivas  pres¬ 
ent  in  all  cases,  and  in  IT  of  the  23,  the  blood  pressure  could  not  be  recorded. 
In  all  the  patients  who  reco\'ered,  the  pressure  rose  immediately  after  release 
of  the  tamponade. 

2.  Increased  venous  fressure  readings, — These  readings,  as  Elkin  (5) 
noted,  are  of  both  diagnostic  and  prognostic  value.  If  the  venous  pressure  is 
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Figure  10. — Pneumopei'icarcliiiiii  with  retained  foreign  body  just  be¬ 
hind  heart.  A.  Po.steroanterior  roentgenogram,  shortly  after  injury, 
showing  massive  pneumopericardium.  B.  Left  (slight)  anterior  oblique 
roentgenogram  showing  retained  foreign  body.  C.  Posteroaiiterior  roent¬ 
genogram  10  days  later,  after  subsidence  of  pneumopericardium. 

high,  the  assumption  is  that  the  cardiac  output  is  at  least  suihcient  to  sustain 
life.  If  the  venous  pressure  is  low,  or  falling,  the  assumption  is  that  the 
heart  is  failing  and  the  cardiac  output  is  correspondingly  reduced.  Three  of 
Elkin's  patients  who  presented  this  phenomenon  died  on  the  operating  table 
or  immediately  after  operation. 

3.  A  quiet  heart, — This  finding  was  first  described  by  Bigger  (4)  and,  if 
it  is  studied  fluorosco2:)ically,  the  demonstration  of  decreased  cardiac  pulsations 
will  be  found  to  be  extremely  useful  in  diagnosis. 

4.  Engorgement  of  the  cervical  veins > — This  phenomenon,  which  was  pres¬ 
ent  in  a  number  of  cases  of  tamponade,  could  readily  be  explained  as  the  result 
of  the  inability  of  these  veins  to  empty  into  the  right  auricle  which  was  com- 


WOUNDS  OF  THE  HEART 


61 


pressed  by  tlie  tamponade.  When  this  finding*  was  present^  it  was  pathog¬ 
nomic,  since  sucli  other  causes  as  congestive  lieart  failure,  pulmonary  embo¬ 
lism,  and  mediastinal  emphysema  were  unlikely  to  be  encountered  under  combat 
conditions.  Absence  of  distended  cervical  veins,  however,  and  even  of  a  dis¬ 
tended  pericardial  sac,  did  not  necessarily  exclude  continued  serious  hemor¬ 
rhage  from  a  wounded  myocardium.  In  one  case  in  this  series,  in  which 
there  was  continued,  vigorous  hemorrhage  from  a  myocardial  laceration,  opera¬ 
tion  performed  10  hours  after  injury  revealed  that  tamponade  had  been  pre¬ 
vented  by  the  passage  of  blood  through  the  pericardial  rent  into  the  pleural 
cavity. 

There  were  5  instances  of  tamponade  in  the  57  cases  in  which  the  injuries 
involved  the  heart  proj^er.  Deatli  occurred  in  two  because  the  condition  was 
not  recognized  or  suspected.  These  cases  and  another  case  in  which  survival 
occurred  have  features  of  special  interest : 

Case  Histories 

Case  1. — This  patient  was  injured  in  the  left  chest,  shoulder,  and  buttock  by  shell 
fragments  on  14  December  1944.  He  was  not  in  evident  shock  and  at  a  field  hospital,  his 
condition  was  listed  as  good.  Breath  sounds  were  diminished  over  the  left  chest.  He 
was  given  1,000  cc.  of  physiologic  salt  solution  intravenously  before  operation,  which  was 
performed  7  hours  after  injury.  All  wounds  were  debrided.  An  open  pneumothorax  was 
closed  without  exploration.  Aspiration  of  a  hemothorax  yielded  300  cc.  of  blood. 

The  patient’s  postoperative  condition  was  good.  The  pulse  was  within  normal  range, 
the  blood  pressure  was  90/60  mm.  Hg,  and  there  was  full  recovery  from  the  anesthesia. 
Four  hours  later,  he  was  turned  in  bed,  at  his  own  request.  Shortly  afterwards,  he  was 
found  dead.  Post  mortem  showed  the  pericardium  to  be  distended  with  200  cc.  of  blood 
and  the  heart  to  be  constricted.  A  perforation  of  the  superior  portion  of  the  pericardium 
on  the  left  side,  about  1.5  cm.  in  diameter,  was  occluded  by  a  fibrinous  exudate.  A  metallic 
fragment  1.5  by  1  by  1  cm.  was  found  in  the  pericardial  cavity.  In  the  right  ventricle  was 
a  laceration  1.5  by  1  cm.  in  length  and  3  to  4  mm.  in  depth.  A  .small  branch  of  the  right 
coronary  artery  was  severed.  Two  small  mural  thrombi  were  found  in  the  right  ventricular 
cavity  beneath  the  laceration.  The  liver  was  moderately  congested.  The  cause  of  death 
was  obviously  cardiac  tamponade,  which  had  not  been  suspected  before  the  post  mortem 
examination. 

Comment. — The  operating  surgeon,  who  witnessed  the  post  mortem,  expressed  the 
opinion  that  this  soldier’s  life  could  have  been  saved  if  (1)  thoracotomy  with  control  of 
the  coronary  bleeding  had  been  carried  out,  or  (2)  if  there  had  been  closer  postoperative 
observation  for  signs  of  developing  tamponade,  which  could  have  been  relieved  by  aspira¬ 
tion  (fig.  20).  It  is  possible  that  if  tamponade  had  been  relieved,  hemorrhage  might  have 
ceased  spontaneously.  More  likely,  exposure  and  ligation  of  the  severed  artery  would  have 
been  necessary. 

Case  2. — This  patient  was  in  poor  condition  when  he  was  received  in  a  field  hospital 
after  sustaining  a  bullet  wound  of  the  right  lower  (luadrant  of  the  abdomen.  The  neck 
veins  were  swollen  and  the  heart  sounds  were  barely  audible.  Although  cardiac  tamponade 
was  suspected,  no  blood  could  be  aspirated  from  the  pericardium,  and  roentgenograms  failed 
to  disclose  a  foreign  body  in  or  near  the  heart.  At  operation,  15  hours  after  injury,  a 
tear  in  the  colon  was  sutured,  and  a  gutter  wound  of  the  liver  was  drained.  Left  tho¬ 
racotomy  was  then  performed.  The  i)ericardium  was  distended  with  clotted  blood.  The 
heart  was  constricted,  and  its  enfeebled  action  soon  ceased,  despite  vigorous  efforts  at 
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Figuee  20.^ — ^Management  of  cardiac  tamiionade  by  aspira¬ 
tion :  Siibsternal  transdiapliragmatic  aspiration  (a),  and 
left  lateral  aspiration  (b). 


resuscitation.  Autopsy,  whicli  was  performed  immediately,  revealed  a  .SO-caliber  bullet 
lying  in  the  right  ventricular  cavity,  surrounded  by  a  foul-smelling  clot.  The  bullet 
had  been  deflected  upward  from  the  pelvis  and  had  passed  through  the  colon  and  the 
liver  before  perforating  the  diaphragm  and  the  right  ventricular  wall. 

Comment. — A  combination  of  unfortunate  circumstances  partly  explained  the  fatal 
issue  in  this  case.  The  negative  results  of  two  ordinarily  reliable  precautionary  measures 
served  to  disarm  suspicion.  One  was  the  pericardial  tap,  which  was  dry  because  the  blood 
was  clotted.  The  other  was  roentgenologic  failure  to  demonstrate  the  missile  within 
the  thorax,  probably  because  it  was  obscured  by  cardiac  motion.  Under  these  circum¬ 
stances,  the  swollen  cervical  veins  became  extremely  important  from  the  diagnostic 
standpoint.  They  always  indicated  serious  circulatory  imbalance  which  demanded  correc¬ 
tion  before  other  surgical  procedures  could  be  undertaken  with  safety.  Whether  or  not 
this  patient's  life  could  have  been  saved  by  initial  thoracotomy  is  debatable,  but  the  fact 
that  he  survived  IS  hours  after  wounding  and  withstood  the  added  strain  imposed  by 
an  extensive  laparotomy  before  the  chest  was  explored  is  highly  suggestive.  Had  the 
operative  procedures  been  reversed,  it  might  have  been  possible  to  relieve  tamponade, 
check  myocardial  hemorrhage,  and  perhaps  remove  the  intraventricular  bullet.  Even 
if  its  removal  had  proved  impossible,  it  might  have  migrated  later  to  the  pulmonary  artery 
without  necessarily  serious  conseriuences,  as  in  amother  case  in  this  series  (case  9,  p.  82). 

Case  3.^ — This  patient  sustained  a  penetrating  shell-fragment  wound  of  the  left  lumbar 
region,  with  a  fracture  of  the  tenth  rib,  on  S  July  1044.  He  was  received  at  the  field  hospital 
in  moderate  shock,  with  a  blood  pressure  of  90/50  mm.  Ilg.  At  operation,  8  hours  after 
injury,  a  segment  of  the  ninth  rib  was  resected,  and  4,400  cc.  of  blood  was  evacuated  from 
the  pleural  cavity.  A  hole  in  the  pericardium  2.5  centimeters  in  diameter  was  extended 
to  reveal  a  laceration  of  the  same  extent  in  the  left  ventricle,  from  which  a  small  stream 
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of  blood  exuded  with  each  heartbeat.  The  hemorrhage  was  controlled  and  the  laceration 
closed  by  two  figure-of-eight  silk  sutures  in  the  ventricular  wall.  The  pericardium  was 
left  open  for  a  distance  of  G  centimeters.  The  foreign  body  was  found  in  the  lower  lobe 
of  the  left  lung,  with  a  hematoma  but  no  hemorrhage.  When  the  diaphragm  was  opened 
between  the  anterior  and  the  posterior  perforations,  the  spleen  was  found  fractured 
and  actively  bleeding.  It  was  removed.  Two  perforations  of  the  stomach  were  sutured. 
The  diaphragm  and  the  chest  wall  were  then  closed. 

The  patient’s  immediate  postoperative  condition  was  good,  the  blood  pressure  being 
110/70  mm.  Hg.  Ten  days  later,  his  condition  was  still  good ;  he  had  no  complaints,  and 
temperature,  pulse,  and  respiration  were  normal.  There  was  no  fluid  in  the  i)leura,  but 
a  pericardial  friction  rub  was  noted.  The  following  day,  the  patient  was  transferred  to 
a  general  hospital.  On  23  July,  he  suddenly  complained  of  severe  dyspnea  and  precordial 
pain  and  became  extremely  cyanotic.  The  lungs  were  filled  with  rales.  The  pulse  was 
130.  Gradual  improvement  occurred  following  the  administration  of  morphine  and  oxj^gen, 
and  4  hours  later,  the  lungs  had  cleared.  The  medical  consultant  made  a  diagnosis  of 
acute  left  ventricular  failure. 

The  following  day,  an  electrocardiogram  showed  late  inversion  of  Ti  and  Ti,  with 
low  voltage  of  the  QRS  complexes,  consistent  with  recent  left  ventricular  injury  and 
probably  pericarditis.  By  25  July,  the  patient  was  much  improved ;  the  heart  sounds  were 
good,  and  he  had  no  cardiac  symptoms.  Electrocardiograms  on  8  August  and  on  21  August 
were  still  abnormal,  but  the  inversion  of  the  T-waves  was  less  marked.  On  11  September. 
S  weeks  after  injury,  he  was  evacuated  to  the  Zone  of  Interior  in  good  condition. 

Cmajacaf.— This  case  is  of  special  interest  on  two  counts:  (1)  In  spite  of  serious  in¬ 
jury  to  the  heart,  lungs,  stomach,  and  spleen,  this  patient  survived.  His  convalescence 
was  undoubtedly  hastened  by  early  and  adequate  surgery.  (2)  This  is  the  only  case  in 
the  entire  series  of  cardiac  injuries  in  which  delayed  acute  left  ventricular  failure  occurred 
(on  the  loth  day).  The  precise  explanation  for  this  isolated  and  unexpected  episode  re¬ 
mains  obscure.  In  this  case,  as  in  several  others,  cardiac  tamponade  was  prevented  by  the 
escape  of  blood  through  a  sizable  pericardial  rent.  It  is  probable  that  the  cardiac  hemor¬ 
rhage  accounted  for  the  major  portion  of  the  1,400  cc.  of  blood  evacuated  from  the  left 
chest  at  operation. 

PATHOLOGIC  PROCESS 

Cardiac  injuries  encountered  at  surgery  or  autopsy  were  classified  as  con¬ 
tusions,  lacerations,  lacerations  and  contusions,  penetrating  Avounds  of  the 
cardiac  chambers  Avith  retained  foreign  bodies,  and  perforating  (through-and- 
through.)  Avounds.  Cardiac  emboli  Avere  also  possibilities.  These  injuries 
AAxre  additionally  classified  according  to  the  particular  cardiac  structure 
iuA’olA^ed. 

Superficial  abrasions  of  the  epicardium  and  engorgement  or  thrombosis  of 
the  subepicardial  A'cssels  Avere  often  found.  When  a  major  artery  Avas  badly 
contused,  thrombosis  Avas  a  possibility. 

The  myocardium  might  sIioaa"  gross  eAudence  of  degeneration  or  actual 
necrosis.  Microscopically,  interstitial  hemorrhage  varied  in  A'ariety  and  extent. 
The  muscle  fibers  shoAved  fragmentation,  loss  of  striation,  or  advanced  necrosis. 
Eosinophilia,  leukocytic  infiltration,  and  beginning  phagocytic  removal  of 
necrotic  muscle  tissue  Avere  obseiwed  as  early  as  18  hours  after  injury. 

When  tlie  endocardium  Avas  injured  or  there  Avas  subendocardial  hemor¬ 
rhage,  adherent  mural  thrombi  might  deA^elop.  This  Avas  observed  in  five  cases 
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in  this  series,  in  three  instances  at  autopsy.  When  extensive  lesions  Avere  scat¬ 
tered  alon<^  the  acute  or  the  obtuse  margins  of  the  heart,  the  hemorrhage  might 
im  olve  the  myocardium  of  both  ventricles  and  extend  into  the  interventricular 
septum. 

The  high  rate  of  energy  imparted  to  the  tissues  in  tlie  track  of  the  missile 
explained  Avhy  particles  of  tissue  were  thrown  laterally  and  jrassed  their  energy 
on,  thus  producing  further  damage.  Attention  has  already  been  called  to  the 
cases  in  which  fragments  of  the  ribs  produced  this  sequence  of  events,  which 
was  especially  likely  to  occur  in  tangential  wounds. 

In  some  instances,  the  missile  passed  through  the  myocardium  at  such 
an  angle  that  the  cardiac  walls  closed  behind  it. 

PERICARDIAL  INJURIES 
General  Considerations 

There  were  18  instances  of  pure  pericardial  injury  in  this  series,  with  3 
deaths,  all  of  which  occurred  more  than  48  hours  after  wounding  and  none  of 
which  was  due  primarily  to  the  pericardial  injury.  In  14  instances,  the  wounds 
were  lacerated;  and  in  5,  foreign  bodies  were  present,  in  2  instances  consisting 
of  rib  fragments.  One  of  these  missiles  was  in  the  free  sac. 

In  one  case,  injury  of  tlie  pericardium  Avas  associated  Avith  an  injury  of 
the  myocardium;  it  is  quite  remarkable  that  this  combination  of  injuries  did 
not  occur  more  often,  as  some  of  the  pericardial  lacerations  AA’ere  severe.  It 
is  also  quite  possible  that  minor  lacerations  of  the  pericardium  occurred  and 
remained  undetected.  The  academic  ((uestion  also  arises  as  to  the  probalile 
considerable  margin  of  safety  afforded  by  a  heart  in  systole  as  compared  Avith 
one  in  diastole  at  the  moment  of  injury  (Wood  (5)  and  Nicholson's  'hiear 
misses'') . 

Management 

The  mere  diagnosis  of  cardiac  tauqionade  Avas  not  regarded  as  an  absolute 
indication  for  surgical  inter\^ention.  In  seA'eral  cases,  promiit  reco\'ery  fol¬ 
lowed  jiericardial  aspiration  alone  (fig.  20),  sometimes  after  a  single  aspiration. 
The  general  opinion,  lioAvewu*,  Avas  that  it  Avas  hazardous  to  depend  routinely 
upon  this  type  of  conservative  management,  especially  if  an  irregular  foreign 
body  Avith  sharp  margins  or  2>oints  Avas  demonstrated  in  either  the  myocardium 
or  pericardium.  Ihider  the  circumstances,  if  more  than  tAvo  satisfactory  aspira¬ 
tions  Avere  necessary,  it  Avas  considered  that  surgeiy  Avas  indicated.  The  pos¬ 
sibility  of  infectioii  also  had  to  be  considered  (p.  oof)  ) . 

In  urgent  cases,  management  consisted  of  repeated  aspiration  of  the  peri¬ 
cardium  until  surgery  could  be  undertaken.  The  needle  Avas  inserted  in  the 
angle  between  the  xiphoid  process  and  the  adjacent  left  costal  arch  and  Avas 
directed  cephalad,  iiiAA^ard,  and  toAvard  the  left,  at  an  angle  of  about  45°. 


WOUNDS  OF  THE  HEART 


65 


Kepair  Mas  accomplislied  tlirougii  a  curved  incision  exposino-  Hie  third, 
fourth,  and  fifth  costal  cartilaifes;  resection  of  sufficient  portions  of  these  ribs 
to  exposed  the  pericardiiun :  incision  of  the  pericardiuni:  and  suture  of  the 
■wound  by  tlie  technique  recommended  by  Elkin  {3)  and  by  Becic  {6), 

In  5  of  tlie  18  pericardial  injuries,  the  pericardium  Mais  sutured  tiglitly. 
In  the  remaining  cases,  drainage  -was  instituted  into  the  pleural  cavity.  In  Bvo 
of  these  cases,  in  one  of  nhaicli  there  Avas  an  associated  myocardial  M  oimd, 
there  Avas  massii'e,  troublesome  pericardial  effusion  postoperatively,  a  complica¬ 
tion  not  observed  in  any  case  tliat  Avas  drained.  Eecovery  in  both  cases  fol- 
loAved  paracentesis.  All  fii  e  foreign  bodies  Avere  removed.  In  Iayo  other 
cases,  in  Avhich  it  Avas  thought  that  foreign  bodies  might  be  present  in  the 
pericardium,  no  attempt  Avas  made  to  remove  them. 

In  one  case,  tlie  pericardial  sac  Avas  enormously  distended  Avith  blood.  It 
Avas  incised  for  a  distance  of  10  cm.  from  the  superior  to  the  inferior  margin, 
and  there  Avas  no  further  bleeding  after  the  first  gush  of  blood.  The  pericardium 
Avas  left  open  and  the  chest  Avas  closed.  IvecoAxry  Avas  uneventful.  The  origin 
of  the  tamponade  in  this  instance  Avas  obscure,  but  the  azygos  A  ein,  although 
it  is  usually  extrapericardial  and  therefore  an  unusual  source  of  intrapericardial 
hemorrhage,  Avas  considered  the  most  probable  source. 

Pneumopericardium  Avas  observed  in  three  of  the  pericardial  injuries,  as 
Ihe  result  of  the  entrance  of  air  into  the  pericardial  sac  from  a  pneumothorax, 
injured  lung,  bronchus,  or  esophagus.  In  two  cases,  the  air  Avas  promptly 
absorbed,  Avithout  evidence  of  pericardial  irritation.  In  the  other  case,  fibrous 
pericarditis  deA^eloped. 

While  a  pericardial  Avound  Avas  sometimes  relatively  innocuous,  at  least 
as  compared  to  the  lethal  potentialities  of  other  cardiac  Avoimds,  it  could  be 
exiremely  urgent.  This  is  clear  if  the  pathologic  process  (fig.  IS)  be  con¬ 
sidered  :  With  fluid  in  the  pericardium,  an  obstruction  exists  to  the  filling  of 
the  heart,  and  the  blood  is  dammed  up  in  the  great  A  enous  channels  of  the  body. 
If  the  intrapericardial  pressure  comes  to  equal  the  effectiA  e  A'-enous  pressure, 
the  blood  can  no  longer  enter  the  right  auricle  and  death  Avill  occur  promptly. 
That  is  Avhy  so  many  deaths  from  this  cause  must  be  assumed  to  hav  e  occurred 
on  the  battlefield  anc[  Avhy,  in  some  instances,  the  condition  might  be  so  urgent 
that  the  time  required  to  confirm  a  suspected  diagnosis  by  roentgenologic  or 
fluoroscopic  examination  might  mean  the  difference  between  life  and  death. 

CONTUSIONS 
General  Considerations 

The  16  contusions  obseiu'ed  in  the  2d  Auxiliary  Surgical  Group  series  of 
cardiac  Avounds  A^'ere  similar  to  the  contusions  described  by  Ellcin.  (J).  Beck' 
(U).  and  others  in  civilian  life,  as  the  result  of  lihint  trauma  to  Hie  chest,  steer¬ 
ing  wheel  injuries,  and  similar  accidents. 
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There  Avere  11  deaths  in  the  16  cases,  in  6  of  AAddch  the  cardiac  state  was 
considered  entireh"  responsible  for  the  fatal  outcome. 

The  diagnosis  of  a  cardiac  contusion  was  not  particularly  difficult.  Most 
of  the  patients  with  significant  injTiries  of  this  type  presented  signs  and  symp¬ 
toms  indicatiA'e  of  ox^^gen  and  cardiac  dysfunction,  that  is,  tachycardia 

and  arrhythmia.  These  signs  and  S3miptoms,  as  aa’cII  as  the  gross  and  micro¬ 
scopic  ap]>earance  of  tlie  nnmcardium  at  autopsy,  had  much  in  common  AAntli 
the  clinical  and  pathological  picture  of  myocardial  infarction  folloAving  coro- 
}iarv  occlusio]!. 

Pathogenesis  and  Pathologic  Process 

In  most  of  the  battle  casualties,  the  damage  resulted  from  the  force  propa¬ 
gated  b}^  the  passage  of  a  small,  high-A^elocit}^  missile  in  the  immediate  Aucinity 
of  the  heart.  In  at  least  one  instance  of  mA'ocardial  contusion  (fig.  11) ,  the  ribs 
were  shattered,  and  their  fragments  apparenth’'  acted  as  secondary  missiles, 
with  resultant  direct  blunt  injuiy.  Throm].)us  formation  folloAA^ed,  and  death 
ensued:  tlie  pericardium  Avas  intact. 

Whether  a  localized  blast  effect  resulted  from  the  passage  of  the  missiles 
in  these  cases  cannot  be  ansAA^ered.  Certainly,  in  this  series,  no  cardiac  contu¬ 
sion  resulted  from  the  generalized  effect  of  a  pressure  AA'aA^e  in  the  atmosphere. 
While  it  Avas  theoretically  possible  for  a  serious  cardiac  injury  to  result  from 
blast,  there  AAxas  no  confirmation  at  autopsA",  in  AA'hich  the  possibility  AA^as  borne 
in  mind  in  the  examination  of  patients  Avho  died  of  blast  injuries. 

Clinical  and  experimental  studies  before  the  aaoii*  had  clarified  the  x^atlio- 
logic  pliA^siology  of  thoracic  contusions.  Bright  and  Beck  (7) ,  as  Avell  as  War¬ 
burg  (6*),  had  demonstrated  that  trauma  to  the  intact  chest,  especially  in  the 
Amung  adult  aaTiosc.  chest  is  far  more  resilient  and  flexible  than  the  chest  of  an 
older  person,  maA"  be  directh"  transmitted  to  the  heart,  AAdiether  the  injuiy  is 
a  direct  bloAA'  OA^er  the  precordial  region,  compression  of  the  chest  between  tAAn 
solid  objects,  or  a  bloAA^  OA'er  the  abdomen,  AA'itli  a  sudden  rise  in  intra-abdominal 
pressure. 

Experimental  trauma  most  often  caused  immediate  rupture  of  one  of  the 
cardiac  chambers,  Avitli  death.  Contusion,  AAnth  resultant  petechial  hemorrhage, 
softening  and  necrosis  of  tissue,  and  eAnntual  rupture,  might  iiwoh/e  any  por- 
tio]i  of  the  conduction  system.  Most  frequently,  it  caused  reflex  spasm  of  the 
coronaiy  Anssels,  AAnth  the  production  of  a  syndrome  like  the  common  ciAulian- 
type  SAuidrome  of  coronary  occlusion  and  infarction.  It  AA'as  also  shoAAUi  experi¬ 
mentally  that  in  cases  of  Angosympathetic  imbalance,  or  when  the  heart  AA^as 
sensitized  In"  adrenalin,  cardiac  irregularities  and  coronaiy  spasm  resulted 
more  readily.  In  the  heat  of  battle,  AAdien  the  Avascular  s^-stem  AA^as  surcharged 
AAuth  considerable  adrenalin,  slight  trauma  to  the  chest  might  conceh^ably  cause 
considerable  cardiac  disturbance. 

The  pathologic  process  in  contusiA^e  lesions  consisted  of  scattered  or  con¬ 
fluent  petechial  hemorrhages  hwolAung  the  myocardium  0A"er  Auirious  areas  of 
one  or  both  chambers  (fig.  21) .  In  these  16  cases,  the  A’entricles  Avere  iiwoh^ed 
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Figuee  21.— Scattered  petechial  and  confluent  hemorrliagcs  of  right 
ventricde  caused  by  the  indirect  force  of  a  penetrating  bullet  ^YOU^d 
of  sternum. 

15  times  (7  left,  5  rig'lit,  o  both)  and  the  right  auricle,  once.  Superficial  abra¬ 
sions  of  the  epicardium  and  engorgement  of  the  subepicardial  vessels  were  some¬ 
times  observed.  The  myocardial  hemorrhage  often  extended  through  to  the 
endocardium,  and  the  muscles  sometimes  showed  gross  evidence  of  degenerative 
clianges  or  actual  necrosis.  In  fatal  cases,  in  which  there  had  been  involvement 
of  the  entire  thickness  of  the  myocardium,  mural  thrombi  were  frequently 
found  attached  to  the  endocardium  (fig.  11).  When  extensive,  lesions  were 
scattered  along  either  the  acute  or  the  obtuse  cardiac  margin,  it  was  not  uncom¬ 
mon  to  find  hemorrhages  extending  into  the  myocardium  of  both  ventricles,  and 
even  into  part  of  the  interventricular  septum.  The  pericardium  was  not  neces¬ 
sarily  injured  in  myocardial  contusion;  it  was  intact  in  9  of  the  16  cases  in  this 
series.  The  pathologic  pattern  in  the  fatal  cases  was  essentially  one  of  sub- 
pericardial  and  subendocardial  hemorrhage,  usually  petechial  in  distribution. 

Management 

A  patient  with  a  myocardial  contusion  was  a  poor  risk  for  any  kind  of 
surgery,  especially  during  the  first  several  hours  after  wounding.  The  fact 
that  6  of  the  11  deaths  in  these  16  cases  were  due  to  the  cardiac  lesion  indicates 
just  how  poor  risks  these  casualties  were. 
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The  contusion  itself  was  not  a  surgical  lesion,  but,  unfortunately,  numer¬ 
ous  associated  wounds  often  required  that  surgery  be  done  promptly.  Ideally, 
it  was  postponed  for  24  to  48  hours,  but  this  was  frequently  impossible.  Certain 
wounds,  such  as  thoracoabdominal  wounds,  required  prompt  operation,  in  spite 
of  the  fact  that  immediately  after  injury,  the  risk  of  death  from  irritability 
of  the  myocardium  and  potentially  lethal  arrhythmias  might  be  enhanced  by 
anesthesia  or  surgical  manipulations.  The  best  that  could  be  done  Avas  to 
delay  surgery  as  long  as  possible,  to  permit  some  degree  of  cardiac  recoA^ery. 

In  the  meantime,  the  patient  aauis  treated  as  if  he  AAnre  suffering  from  acute 
coronary  occlusion.  Resuscitation  aauis  carried  out,  and  surgery  Avas  then  un¬ 
dertaken  AAAith  due  realization  that  the  risk  aauas  ine\dtably  great  and  the  mor¬ 
tality  AA^ould  be  correspondingly  high.  In  purely  thoracic  AA^ounds,  in  AAdiich 
surgery  AA^as  not  mandatory  AAnthin  6  to  12  hours,  it  aa^is  best  to  delay  it  as  long 
as  possible. 

In  three  fatal  cases  in  this  series,  in  Avhich  operation  AA^as  performed,  re- 
spectiA-ely,  at  5,  11,  and  IT  hours  after  AA^ounding,  it  Avas  thought  that  further 
delay  might  ha.Ae.  been  benehcial.  Taa'o  of  the  AA^ounds  AA^ere  purely  thoracic. 
The  other  aauis  a  high  thoracoabdominal  Avound,  in  AA’hich  it  aauis  clear  that  only 
the  Ha  er  aauas  iiiA  oh^ed.  In  each  instance,  signs  of  cardiac  dysfunction  AA^ere 
prominent.  During  resuscitation,  the  patients  AA^ere  in  poor  general  condition, 
semi  stuporous,  A^'ith  rapid  pulse,  and  dyspneic  out  of  all  proportion  to  the 
visible  intra thoracic  damage.  In  each  instance,  the  systolic  pressure  Avas  ele- 
Auxted  to  95  mm.  Ilg  or  higher,  but  death  occxxrred  on  the  operating  table  or 
immediately  after  surgery  Avas  concluded. 

In  another  case  of  this  kind,  not  included  in  this  series,  the  timelag  Avas  only 
6  hours.  Death  occurred  on  the  operating  table.  At  autopsy,  it  Avas  confirmed 
that  the  Avound  Avas  purely  thoracic.  There  AA^as  extensiA^e  contusion  of  the 
right  ventricle  and  thrombosis  of  the  anterior  descending  branch  of  the  left 
coronary  artery. 

Any  of  these  patients  might  Avell  have  died,  even  if  surgery  had  not  been 
done,  but  the  added  burden  of  the  anesthetic  and  the  operative  procedures  can¬ 
not  be  ignored  in  assessing  the  outcome  in  seriously  Avounded  patients. 

In  tAvo  other  cases  in  this  series,  AAdiich  may  be  cited  in  contrast,  surge ly 
Avas  delayed  for  o  and  5  days,  respectively,  after  Avounding.  Both  patients 
Avere  received  in  shock.  In  one  case,  tlie  pulse  remained  over  120  for  48  hours. 
In  the  other,  for  4  days,  there  Avere  intermittent  periods  of  cardiac  arrhythmia, 
associated  Avith  Avet  lung,  pulmonary  edema,  and  jaundice.  In  each  instance, 
the  surgeon  expressed  the  opinion  that  the  ^xatient  might  Avell  have  died  if 
operation  had  been  done  even  as  late  as  12  hours  after  Avounding. 

The  tinal  conclusion  Avas  that  if  a  cardiac  contusion  Avere  diagnosed  and 
such  indications  for  early  surgery  as  continuing  hemorrhage  or  a  thoracoab¬ 
dominal  Avound  did  not  exist,  surgery  shotild  be  deferred  for  at  least  24  to  48 
Imnrs,  to  ])roAnde  ewry  opportunity  for  the  reduction  of  myocardial  irritability. 


LEAD  I 


LEAD  2 


LEAD  3 


LEAD  4 


Figuee  22. — Electrocardiogram  of  patient 
with  cardiac  contusion  showing  W-shaped 
QRS  complexes  of  low  A^oltage  and  inAXrted 
QRS-4.  The  same  electrocardiographic  phe- 
noniena  were  obserA^ed  in  another  casualty 
AAutli  a  cardiac  contusion. 

Elect  rocardiog'rams  in  tAA^o  surATA^ors  of  contused  AA^oimds  AAxre  identical 
Avitli  respect  to  (1)  abnormal  W-shaped  QES  complexes  of  Ioaa^  Amltage  in  the 
limb  leads  and  (2)  iiiATrted  QllS-4  (fig.  22).  This  pattern  Avas  not  obserATd 
in  any  other  type  of  cardiac  injury.  These  electrocardiograms  also  shoAATd  the 
abnormalities  of  T-AA’^aA^es  and  S-T  interAurls  frecpiently  seen  after  myocardial 
injury. 

LACERATIONS 
General  Considerations 

Of  the  20  lacerations  in  this  series^  10  Avere  combined  AAuth  contusions  of 
the  myocardium  and  4  AA'ere  detected  only  at  post  mortem.  In  the  10  pure 
lacerations,  the  left  ATiitricle  aa^s  affected  in  7  cases,  the  right  Anntricle  in  2, 
and  the  right  auricle  in  1.  These  10  cases,  in  2  of  aaOiIcIi  there  AA^ere  foreign 
bodies  in  the  m3mcardium,  comprise  all  the  instances  in  the  series  of  incised, 
cleanl}^  lacerated  AAnunds  of  the  myocardium  in  AAdiich  there  AAns  no  gross  eAU- 
dence  of  myocardial  contusion  or  necrosis. 

In  the  combined  lacerations  and  contusions,  the  left  ATiitricle  AAxas  affected 
fiA^e  times,  the  right  a- entricle  tAAuce,  and  both  Anntricles  tAAUce.  In  the  remain- 
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Figuee  23. — Technique  of  cardiac  surgery.  A.  Laceration  of  right  ventricular 
wall  without  serious  contusion.  B.  Direct  suture  of  laceration  of  ventricular 
wall  with  digital  control  of  bleeding. 


ing  case,  the  right  auricle  and  right  ventricle  were  injured.  The  serious  im¬ 
plications  of  contusions  are  again  evident  in  this  group,  in  which  there  were 
five  deaths,  four  due  to  the  cardiac  wound,  against  the  single  death  due  to  a 
cardiac  lesion  in  the  pure  lacerations. 

Management 

An  analysis  of  the  records  shows  that  a  rather  surprising  number — 10 — 
of  the  16  lacerations  of  tlie  myocardium  were  not  repaired,  and  apparently 
with  no  immediate  ill  effects.  In  the  four  lacerations  found  only  at  post 
mortem,  there  was  no  evidence  in  any  instance  that  the  fatality  was  due  to 
failure  to  effect  a  repair. 

In  the  six  cases  which  Avere  repaired,  the  laceration  was  completely  closed 
in  four  by  suture.  In  the  tAvo  other  cases,  complete  approximation  Avas  im¬ 
possible,  and  the  pericardium  Avas  used  to  help  bridge  the  defect;  free  muscle 
grafts  Avere  also  used  (figs.  23  and  24) . 
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Figure  24. — Tediiiiqne  of  enrdiac  surgery.  Closure  of  penetrating  ^YOuncl  of  heart. 
A.  Wonncl  of  right  ventricle.  B.  Use  of  free  muscle  graft  (greatly  enlarged).  C.  Cross 
section  of  sutured  muscle  graft. 


The  pericardium  was  either  sutured  over  the  wound  or  sutured  to  the  edges 
of  the  poorly  approximated  Avound.  In  the  former  instance,  posterior  drainage 
AY  as  employed. 

The  number  of  cases  is  too  small  to  permit  draAA^ing  any  conclusions  as  to 
the  Avisdom  of  operating  in  forAvard  hospitals  solely  to  suture  cardiac  lacer¬ 
ations, 

PENETRATING  AND  PERFORATING  WOUNDS 
General  Considerations 

There  AA^ere  19  instances  of  perforating  or  penetrating  Avounds  of  the  heart 
in  this  series,  7  iiwolving  the  left  A’entricle,  3  the  right  ventricle,  2  the  left 
auricle,  and  7  the  right  auricle.  There  Avere  nine  deaths,  in  eight  instances  due 
to  the  cardiac  lesion.  In  one  Avound  of  the  auricle,  discoA^ered  only  at  post 
mortem,  death  occurred  21  hours  after  Avounding.  In  the  opinion  of  those  who 
Avitnessed  the  autopsy,  the  fatal  outcome  Avas  due  to  extensNe  Avounds  elsewhere 
in  the  body.  It  Avas  thought  that  the  patient  Avould  have  survNed  Avithout 
auricular  repair.  The  most  frequent  complication,  and  the  most  important 
cause  of  death,  Avas  hemorrhage,  AAdiich  could  readily  be  exsanguinating'. 
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It  is  of  great  interest  that  througii-and-tlirougli  cardiac  'wounds  were  not 
always  immediately  fatal.  In  one  case  in  this  series  (p.  75) ,  recovery  followed 
the  repair  of  two  wounds  of  the  left  ventricle  caused  a  shell  fragment  that 
divided  the  left  phrenic  nerve  and  the  pericardiophrenic  vessels,  entered  the  left 
ventricle  at  the  apex,  and  made  its  exit  on  the  posterior  Avail.  Operation  was 
performed  14  hours  after  Avounding. 

One  other  patient  Avith  a  through- and- through  Avound  of  the  left  ventricle 
also  survived.  The  three  perforations  of  the  right  auricle  all  ended  fatally. 
In  the  experience  of  the  2d  Auxiliary  Surgical  Group,  no  patient  Avith  a  per¬ 
foration  of  the  interauricular  or  interventricular  septum  suiwaAmd  to  reach 
a  forAvard  hospital. 

Management 

The  chief  indication  for  immediate  surgery  in  Avounds  of  the  cardiac 
chambers  Avas  continuing  hemorrhage.  If  bleeding  caused  tamponade  rather 
than  exsanguinating  hemorrhage,  as  it  sometimes  did,  treatment  could  be  more 
individualized.  If  the  tamponade  developed  rapidly,  it  Avas  considered  better 
to  operate  at  once,  particularly  if  it  Avas  knoAAUi  that  the  missile  causing  the 
wound  Avas  large.  If  the  tamponade  developed  sIoaa  ly,  one  or  tAvo  aspirations 
might  be  attempted  (p.  64) . 

If  foreign  bodies  Avere  encountered  in  the  course  of  the  operation,  an 
attempt  Avas  made  to  remove  them.  If  their  presence  Avas  suspected,  an  attempt 
Avas  made  to  locate  them.  If,  hoAAwer,  they  Avere  not  found  immediately,  the 
correct  j^rocedure  Avas  to  control  the  hemorrhage  and  close  the  chest.  Since 
hemorrhage  Avas  the  indication  for  operation,  a  long-continued  search  for  the 
missile,  with  blind  manipulations  within  the  cardiac  chambers,  could  not  be 
considered  justified.  The  foreign  body  could  be  removed  later  at  the  base 
hospital  if  that  proA^ed  necessary. 

Complete  closure  of  the  cardiac  Avound  Avas  possible  in  10  cases.  One  Avound 
had  ceased  to  bleed  AAdien  it  Avas  exposed,  and  suture  Avas  not  considered  neces¬ 
sary.  In  two  instances,  both  auricular  Avounds,  attempts  at  closure  failed,  and 
both  patients  died  of  intractable  hemorrhage.  Attempts  to  plug  the  defect 
AAuth  the  finger  Avere  unsuccessful. 

Case  Histories 

Case  4. — mis  22-year-olcl  priA-ate  AA^as  AAonncIecl  by  an  artillery  shell  fragment  on  27 
June  1944.  At  the  field  hospital,  2  hours  later,  he  AAms  found  to  be  mildly  shocked,  but  he 
AA^as  conscious  and  in  fairly  good  condition.  Examination  rcA^ealed  a  lacerated  AA^ound,  3 
cm.  long,  in  the  fifth  left  intercostal  space,  just  outside  the  midclaAucular  line.  There  Avas 
no  dyspnea  or  hemoptysis.  The  heart  tones  AA^ere  normal,  and  no  adventitious  sounds  were 
heard.  There  Avere  signs  of  fluid  in  the  left  pleural  cavity.  The  abdomen  Avas  tender  and 
resistant  to  pressure. 

The  patient  became  nauseated  and  vomited  tAAuce  shortly  after  admission.  A  Levin 
tube  was  passed  into  the  stomach,  and  250  cc.  of  air  and  fluid  Avere  AAuthdraAA'ii ;  there  was 
no  blood  in  the  gastric  contents. 
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FiCxUitE  2r)  (ease  4) —Repair  of  tliroiigli-aiKl-tlirougli  woinicl  of  heart. 
A.  Posteroanterior  roentgenogram  sho\Ying  large  left  hemothorax,  which 
obscures  lung.  Shell  fragment  ut  level  of  ninth  rib  posteriorly  meas¬ 
ured  28  by  10  by  4  mm.  (insert).  A  Levin  tube  can  be  seen  faintly  at 
the  level  of  the  eleventh  intercostal  space  on  the  left.  B.  Drawing  depict¬ 
ing  anterolateral  laceration  of  pericardium  with  severance  of  pericardio¬ 
phrenic  artery  and  phrenic  nerve,  as  follows:  Incision  for  exposure  (a), 
incision  for  flap  (b),  wound  of  entrance  (c),  and  wound  of  exit  (d). 
Note  relation  of  wounds  to  important  blood  vessels. 
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FiGtJjiE  25. — Contiimed.  C.  Closure  of  ante¬ 
rior  heart  wouiid.  Apex  of  heart  held  by  right 
hand  of  assistant,  exposing  anterior  laceration. 
D.  Reinforcement  of  anterior  cardiac  wound  by 
suture  of  pedicled  graft  of  pericardium. 


After  oOO  cc.  of  plasma  and  1,000  cc.  of  blood  had  been  given  over  a  2%-hour  period, 
the  blood  pressure  rose  from  SO/00  to  130/70  mm.  Hg,  and  the  pulse  fell  from  110  to  90. 
Abdominal  signs  and  symptoms  persisted.  Roentgenologic  examination  {fig.  2oA)  showed 
the  shell  fragment  lying  well  posterior,  apparently  Just  within  the  costal  cage.  From 
the  location  of  the  wound,  the  apparent  course  of  the  missile,  and  the  persisting  abdominal 
signs,  especially  the  nausea  and  vomiting,  a  thoracoabdominal  wound  could  not  be  ruled  out. 

Operation  was  carried  out  under  endotracheal  anesthesia  G  hours  after  wounding 
and  0^2  hours  after  hospitalization.  Blood  transfusion  was  continued  during  the  procedure. 
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Figuke  25. — Continued.  E.  Posteroantcrior 
roeiitgenograin  8  weeks  after  opera tioji,  showing 
clear  lung  flelds,  no  cardiac  enlargement,  and 
elevation  and  paralysis  of  left  diaphragm. 

Note  chip  fracture  of  fifth  rib  anteriorly 
(arrow). 

After  debridement,  anterior  thoracotomy  was  performed  in  the  fifth  intercostal  space 
bs’'  extension  of  the  wound  of  entrance.  A  chip  fracture  of  the  fiftli  rib  was  found,  with 
a  small  contusion  of  the  lingula  of  the  left  upper  lobe,  but  the  diaphragm  was  intact. 
Five  hundred  cubic  centimeters  of  blood  were  evacuated  from  the  pleural  cavity,  after 
which  the  shell  fragment  was  discovered  lying  free  posteriorly.  Two  perforations 
were  seen  in  the  r)ericardiuin.  The  pericardiophrenic  artery  and  phrenic  nerve  had  been 
severed  anterolaterally  (fig.  25B),  and  a  posterior  laceration  was  found  just  lateral  to 
the  reflection  of  the  parietal  pleura  from  the  pericardium  onto  the  mediastinum.  The 
pericardial  sac  was  opened  by  vertical  incision  a  few  minutes  after  5  cc.  of  procaine  hydro¬ 
chloride  had  been  injected  into  it.  Two  lacerated  wounds  of  the  left  ventricle,  each 
8  mm.  ill  length,  were  found  oozing  blood  with  each  sy.stole.  The  wound  of  entrance  was 
at  the  apex  and  the  wound  of  exit  in  the  midportioii  of  the  left  ventricular  wall  iiosteriorly 
(fig.  25B). 

The  a]»ex  of  the  heart  was  rotated  90°  forward  and  steadied  by  the  right  hand  of  the 
assistant  (lig.  25C).  The  wound  was  exposed  between  the  spread  of  his  second  and  third 
fingers,  and  bleeding  was  controlled  by  the  application  of  two  silk  sutures  (No.  0).  A 
small  venous  branch  was  occluded  by  the  sutures. 

The  anterior  laceration  was  irregular,  and  the  muscle  gaped  slightly.  Oozing  con¬ 
tinued,  particularly  after  a  suture  had  cut  partly  through  the  muscle.  It  was  controlled 
by  suturing  a  small  pedicled  graft  of  anterior  pericardium  and  pericardial  fat  over  the 
laceration  (fig.  25D). 

Extrasystoles  were  numerous  while  the  heart  was  manipulated  but  ceased  immedi¬ 
ately  when  manipulations  were  discontinued.  Crystalline  sulfanilamide  and  penicillin 
were  placed  in  the  pleural  cavity,  and  drainage  was  instituted  hy  means  of  two  water-trap 
tubes.  A  small  mushroom  catheter  was  used  in  the  second  intercostal  space  anteriorly 
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and  a  quarter-inch  fenestrated  tube  in  the  eighth  intercostal  .space  in  the  iiiidaxillary 
line.  The  tube  was  clamped  off  for  8  hour.s  after  operation,  to  permit  contact  of  the 
chemotherapeutic  agents  with  the  tissues.  The  incision  was  closed  in  layers,  without 
pcrlcostal  sutures. 

At  the  conclusion  of  the  operation,  the  blood  pressure  was  110/70  mm.  Hg.  the  pulse  145, 
and  the  respiration  32.  Standard  postoperative  measures  were  employed.  Recovery  was 
generally  smooth.  The  blood  pressure  remained  normal :  the  pulse  stabilized  at  100-110. 
Cardiac  irregularities  were  never  evident. 

Twentj’-four  hours  after  operation,  a  splash,  synchronous  with  systole,  was  heard 
over  the  iirecordium.  Four  days  later,  a  loud  preeordial  friction  rub  was  audible  for 
24  hours ;  during  the  same  time,  the  second  sound  in  the  pulmonic  area  was  occasionally 
reduplicated.  On  the  sixth  day,  there  ’svas  a  slight  roughening  of  the  first  sound  at  the 
apex,  and  a  poorly  transmitted,  soft  systolic  murmur  was  heard  in  this  area. 

When  the  patient  was  transferred  to  a  general  hospital  on  the  12th  postoperative  day, 
he  was  afehrile,  with  a  pulse  of  88  and  a  blood  pressure  of  11.5/GO  mm.  Fig.  He  became 
ambulatory  in  another  week.  A  scratching  to-and-fro  precordial  friction  rub  was  heard 
intermittently  for  another  2  weeks. 

Roentgenologic  examination  8  weeks  after  operation  showed  the  lung  fields  clear  and 
the  heart  normal  in  size  (fig.  2.jE).  Electrocardiograms  2  weeks  after  operation  showed 
moderate  inversion  of  T-waves  with  elevated  8-T  intervals  in  the  first  three  leads  and 
moderate  left  axis  deviation  (fig.  2G).  Two  weeks  later  there  was  less  inversion  of  Ti. 
Another  electrocardiogram  2  w  eeks  after  the  first  showed  Ti  upright,  but  Tu  and  Ts  remained 
deeply  inverted,  and  left  axis  deviation  persisted. 

Xo  signs  of  cardiac  embarras.sment  developed  as  the  patient  increased  his  activities, 
and  he  was  in  excellent  condition  when  he  was  evacuated  to  the  Zone  of  Interior  11  weeks 
after  injury. 

Comment. — This  case  is  remarkable  because,  in  spite  of  the  through-and-throngh  wound 
of  the  heart,  the  patient  survived,  after  early,  adequate  surgery.  Convalescence  was  quite 
smooth.  It  is  noteworthy  that  in  siiite  of  the  double  wound  in  the  ventricle,  the  blood 
loss  was  minimal.  It  is  also  noteworthy  that  no  signs  of  cardiac  weakness  ensued  in 
spite  of  the  multiple  wounds  elsewhere,  plus  the  necessary  manipulation  of  the  heart  at 
operation  and  the  repeated  intravenous  infusions  of  blood  and  saline  solution  that  were 
necessary. 

The  serial  electrocardiograms  available  in  this  case  were  thought  to  be  the  first  on 
record  taken  during  recovery  from  a  complete  perforation  of  the  lieart.  It  is  of  some 
interest  that  the  effect  of  the  T-waves  in  leads  II  and  III  of  the  posterior  (basal)  injury 
appears  to  have  overshadowed  the  effect  of  the  apical  wounds  (leads  I  and  II),  possibly 
because  of  the  greater  mass  of  muscle  injured  in  the  penetration  of  the  thicker  basal  wall 
of  the  ventricle. 

That  this  patient  survived  his  original  wound  seems  due  to  a  happy  and  unusual 
chain  of  circumstances.  The  fragment  must  have  struck  end-on  and  passed  through 
the  heart  without  revolving.  It  also  seems  probable  that  the  perforation  occurred  during 
diastole,  so  that  the  chamber  was  traversed  by  the  missile  without  irreparable  damage  to 
the  papillary  muscle. 

As  this  case  also  demonstrates,  there  may  be  few  if  any  localizing  signs  or  symptoms 
in  spite  of  a  serious  cardiac  wound.  The  nausea  and  vomiting  were  probably  cardiac 
in  origin ;  these  symptoms  do  not  usually  occur  in  pure  thoracic  injuries.  With  the  shell 
fragment  free  in  the  pleural  cavity,  the  course  of  the  missile  was  misleading,  and  the  wrong 
conclusions  concerning  it  were  drawn.  Flad  the  missile  come  directly  from  the  front, 
it  could  not  have  failed  to  penetrate  the  diaphragm.  It  came,  however,  from  the  left, 
passed  through  the  heart,  and  then  fell  free  in  the  pleural  cavity,  almost  opposite  the 
wound  of  entrance  in  an  anteroposterior  plane. 
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Case  5. — In  another  ventricular  injury,  the  patient  died  in  the  shock  ward  of  a  field 
hospital  6  hours  after  he  had  received  a  penetrating  wound  of  the  left  chest,  before  operation 
could  he  performed.  Autopsy  revealed  that  a  single  shell  fragment,  1  hy  1  by  1  cm.,  had 
entered  the  chest  through  the  left  scapula,  fractured  the  third  and  fourth  ribs  posteriorly, 
and  then  perforated  tlie  wall  of  the  left  ventricle,  to  become  embedded  in  the  opposite 
ventricular  wall.  Death  was  caused  by  hemorrhage  from  the  heart  into  the  left  chest. 
The  rent  in  the  pericardium  had  permitted  the  escape  of  blood  and  thus  prevented 
tamponade. 

Comment. — The  comment  of  the  medical  officer  who  performed  the  autopsy  was  that 
this  man  had  lived  for  0  hours  with  a  hole  in  his  heart  and  that  his  life  might  have  been 
saved  if  adequate  ])lood  had  been  available  and  if  the  chest  had  been  opened  at  once. 


MIGRATORY  FOREIGN  BODIES 
General  Considerations 

The  intravascular  mio-ration  of  projectiles  and  other  foreign  bodies  to  the 
heart  and  pulmonary  circulation  from  distant  wounds  b}"  way  of  the  great 
veins  is  so  uncommon  as  to  constitute  a  true  medical  curiosity.^  Although  still 
rare,  these  migratory  objects  were  recognized  more  frequently  in  World  War  II 
than  in  the  past.  The  need  for  their  removal  was  still  the  subject  of  some 
disagreement.  Some  objects  remained  asymptomatic  for  long  periods  of  time, 
but  others,  because  they  served  as  foci  of  infection  or  caused  damage  to  the 
myocardium,  caused  death  from  embolism.  Early  removal  in  a  base  section 
center  was  considered  the  wisest  plan  if  cardiac  disability  or  other  clinical  signs 
and  S3nnptoms  were  present.  Otherwise,  the  policy  Avas  to  return  the  patients 
to  the  Zone  of  Interior. 

If  the  fragment  entered  the  puhnonarv  circulation  from  the  right  heart, 
it  was  theoretical^  possible  for  it  to  serve  immediately  as  a  fatal  embolus. 
RemoAurl  of  a  missile  from  the  pulmonaiy  A'essels  could  be  attended  Avith  great 
difficulty  and  might  require  the  sacrifice  of  an  essential  artery,  perhaps  Avith 
lobectoniA^  or  pneumonectomy.  In  one  case  in  the  2d  Auxiliary  Surgical  Group 
experience,  surgery  was  not  carried  out  for  this  reason  (case  9,  p.  82). 

Migratory  foreigir  bodies  AA^ere  irot  rrecessaril}"  fatal.  Three  of  fiA^e  patierrts 
obserwed  in  the  Mediterranean  theater  are  knoAAm  to  \vdye  recoA^ered,  arrd  at 
least  oire  of  the  tAvo  deaths  was  not  caused  b}^  the  presence  of  the  foreign  body, 
while  the  same  comment  is  possibh'  applicable  to  the  other  case.  The  case 
histories  follow. 

Case  Histories 

Case  6. — soldier  who  sustained  a  penetrating  shell-fragment  wound  of  the  right 
cervical  region  on  17  June  1944  was  treated  conservatively.  Roentgenograms  revealed  a 

1  Altliongli  only  one  instance  of  migratory  foreign  body  seems  to  liave  been  reported  in  World  War 
I  (9),  undoubtedly  others  occurred.  In  the  reported  case,  a  shell  fragment  buried  in  the  liver  was 
left  in  situ  at  operation.  The  patient  died  of  peritonitis  G  days  later.  At  necropsy,  the  metal  frag¬ 
ment  was  found  covered  with  fibrin  and  enmeshed  in  the  columnae  carneae.  Examination  of  the  liver 
disclosed  the  track  of  the  fragment  into  its  point  of  entry  into  a  large  hepatic  vein  and  its  subsequent 
intravascular  passage  to  the  heart. 
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foreign  body  in  the  right  mid  Inng  field,  ^Yith  no  evidence  of  pnlmoimry  injury.  He  was- 
discharged  to  duty  on  21  July  but  on  9  August  was  readmitted  to  the  hospital,  complaining 
of  dyspnea  and  a  vaglie  pain  in  the  right  chest  on  effort.  Rccntgenograms  showed  the 
foreign  body  in  the  same  position  as  at  the  first  examination.  At  exploratory  thoracotomy 
on  IS  August,  the  missile  was  found  in  the  right  inferior  branch  of  the  pulmonary  artery. 
It  was  palpated  through  the  wall  of  the  artery  but  was  not  removed.  On  10  October,  when 
the  patient  was  evacuated  to  the  Zone  of  Interior,  he  was  ambulatory  but  was  still  mildly 
dyspneic,  and  he  continued  to  complain  of  vague  chest  pains  on  effort. 

Comment. — ^When  this  patient  was  first  admitted  to  the  hospital,  it  was  thought  that 
the  missile  had  entered  the  thorax  directly  from  the  cervical  wound.  In  the  light  of  the 
findings  at  operation,  however,  it  must  be  assumed  that  it  penetrated  the  right  subclavian 
vein,  migrated  to  the  right  side  of  the  heart,  and  thence  passed  to  the  right  pulmonary 
artery.  No  infarction  resulted,  and  it  was  considered  unlikely  that  it  would  cause  serious 
trouble  at  its  present  site.' 

Case  7. — This  man  sustained  penetrating  wounds  of  the  right  flank  on  11  October  1944, 
with  a  resulting  perforation  of  the  colon  and  another  of  the  left  chest,  with  hemothorax. 


FiGUliE  27  (case  7) . — Migratory  intravascular  foreign 
body.  Lower  portion  of  inferior  vena  cava  showing 
wound  of  entry  and  superimposed  metal  fragment  that 
had  passed  as  embolus  to  branch  of  left  pulmonary 
artery. 


2  As  already  pointed  out  (p.  17  fn),  post^\uar  experimental  studies  by  Dr.  Lyman  A,  Brewer  III  and 
his  associates  showed  that  metallic  foreign  bodies  in  the  lobar  branches  of  the  pulmonary  artery  are 
usually  w'ell  tolerated,  provided  that  the  bronchial  arteries  remain  intact.  Those  occluding  the  main 
pulmonary  arteries  cause  serious  pulmonary  changes  and  should  be  removed. 
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The  follo^Yillg  clay,  laparotomy  and  colostomy  \Yere  performed,  and  the  chest  wound  was 
closed.  On  25  October,  he  died  from  an  intraperitoneal  hemorrhage.  Necropsy  revealed 
multiple  penetrating’  wounds,  including  a  puncture  wound,  O.S  cm.  in  diameter  and  sur¬ 
rounded  by  necrotic  tissue,  on  the  posterior  wall  of  tlie  inferior  vena  cava  just  above  its 
formation.  An  embolic  shell  fragment  1.5  by  0.6  by  0.4  cm.  was  found  in  the  inferior  branch 
of  the  left  pulmonary  artery,  with  no  evidence  that  it  had  entered  through  the  lung  paren¬ 
chyma  (fig.  27).  There  was  no  associated  pulmonary  infarction.  The  anatomic  cause  of 
death  was  massive  hemorrhage  secondary  to  the  abdominal  wound. 

Cotnment.—Tlie  metallic  embolus  to  the  lung  found  in  this  case  at  autopsy  was  a 
complete  surprise.  There  had  been  no  signs  or  symptoms  suggestive  of  its  presence  before 
death,  and  roentgenologic  study  had  not  seemed  justified  because  of  the  patient’s  continued 
precarious  state.  It  is  entirely  probable  that  he  would  have  recovered  from  the  vascular 
injury  had  he  not  succumbed,  2  weeks  after  wounding,  to  the  secondary  complications  of 
his  severe  abdominal  injuries. 

Case  8. — This  patient  sustained  penetrating  wounds  of  tlie  right  shoulder  and  the  right 
lumbar  region  on  2  October  1044.  Though  laparotomy  revealed  that  a  foreign  body  had 
entered  the  abdomen,  it  could  not  be  found.  Subso(iuent  roentgenograms  suggested  that 
it  was  on  the  right  side  and  lying  in  the  psoas  muscle.  On  7  October,  the  roentgenograms 
were  repeated  because  the  patient  had  continued  to  run  fever  and  had  developed  rales  on 
the  left  side.  The  film  was  hazy,  and  the  foreign  body  seen  in  the  first  film  on  the  right 
side  now  appeared  to  be  above  the  diaphragm  on  the  left  side. 

Two  days  later,  the  temperature  rose  to  104°  E.  Other  findings  included  a  rapid  pulse 
(from  140  to  160)  ;  a  blood  pressure  of  95/50  mm.  Ilg ;  a  variable  systolic  sound  of  unusual 
character  over  the  heart  to  the  left  of  the  lower  sternum,  somewhat  suggestive  of  a  friction 
rub ;  and  pulmonary  rales.  There  was  no  venous  distention.  Roentgenograms  revealed 
the  foreign  body  apparently  lying  anteriorly  and  inferiorly  in  the  pericardium  and  slightly 
blurred  by  motion.  On  12  October,  the  patient  continued  to  have  fever,  pulmonary  rales 
were  still  present,  and  the  superficial  systolic  ‘iioise”  persisted.  Ilis  condition  deteriorated 
progressively,  and  he  died  before  a  definite  diagnosis  was  made,  though  the  pyrexia  was 
thought  to  be  due  to  malaria. 

At  autopsy,  when  a  penetrating  wound  in  the  right  flank  was  explored,  a  track  was 
found  which  indicated  that  the  foreign  body  had  entered  the  inferior  vena  cava.  Con¬ 
tinued  exploration  revealed  it  lying  free  in  the  right  ventricle  (fig.  2SA).  The  entrance 
of  the  missile  into  the  inferior  vena  cava  v’as  represented  by  an  oval  defect  1.5  by  1.5 
by  5  cm.  in  the  posterior  wall  above  the  bifurcation  (fig.  2SR).  The  defect  was  surrounded 
by  numerous  thrombi,  some  of  which  appeared  to  have  become  detached.  The  fragment 
found  in  the  right  ventricle  near  the  apex  was  large  and  irregularly  oblong.  It  measured 
2.3  by  1  cm.  and  weighed  10.35  grams.  There  was  slight  discoloration  of  the  adjacent 
endocardium,  but  no  thrombi  were  found.  Careful  examination  of  the  heart  and  vena 
cava  revealed  no  evidence  of  penetration,  and  there  was  no  doubt  that  the  metal  fragment 
had  entered  the  vascular  system  through  the  wound  in  the  lower  vena  cava.  Both  lungs 
showed  widespread  areas  of  infarction,  and  multiple  emboli  were  demonstrable  in  the 
pulmonary  arterial  branches.  In  addition,  there  was  massive  intraperitoneal  hemorrhage 
(1,500  cc.)  from  an  omental  vessel. 

Comment.— Ill  spite  of  the  size  and  w-eight  of  this  jagged  fragment,  it  had  apparently 
churned  about  in  the  right  ventricle  for  over  a  week  without  causing  serious  injury  to 
the  cardiac  wall.  Although  it  was  apparently  too  large  to  pass  through  the  pulmonary 
orifice,  at  no  time  did  the  patient  exhibit  acute  seizures  suggesting  a  ball- valve  effect,  and 
at  no  time  were  the  cervical  veins  distended.  The  persistent  fever  and  downhill  course 
were  adequately  explained  by  the  recurrent  pulmonary  emlioli  from  the  mural  thrombi  in 
the  lower  vena  cava,  but  these  phenomena  were  probably  unrelated  to  the  presence  of  the 
foreign  body  in  the  right  ventricular  cavity. 
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Figure  28  (case  8) . — Migratory  intravascular  foreign  body.  A.  Large  oblong 
shell  fragment  free  in  chamber  of  right  ventricle.  B.  Lower  portion  of  inferior 
vena  cava  showing  wound  of  entry  surrounded  by  thrombi  just  above  bifurca¬ 
tion.  Fragment  in  ventricle  is  sliown  above. 
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Figuke  21.)  (ease  0). — Migratory  intravascular 
foreign  body.  A.  Posteroanterior  roentgeno- 
grain  sbo^Ying  shell  fragment  in  left  hilar  region. 
B.  Left  lateral  roentgenogram  localizing  foreign 
body  to  intrahiUir  pulmonary  area.  The  foreign 
body  could  not  be  found  in  this  position  or  else¬ 
where  at  operation. 


Case  9. — When  this  soldier  was  wounded  in  action  on  12  April  194-1,  he  sustained  mul¬ 
tiple  severe  penetrating  wounds  of  the  right  thorax,  right  leg,  and  both  feet.  Initial 
roentgenologic  study  showed  a  large  metallic  foreign  body  in  the  left  lung.  The  wounds 
were  debrided. 

On  28  April,  when  he  was  transferred  to  a  thoracic  surgery  center,  his  condition  was 
good  except  for  moderate  dyspnea,  which  continued  after  cardiorespiratory  disequilibrium 
had  been  treated  by  adequate  thoracentesis  and  nerve  block.  Localization  studies  showed 
the  fragment  to  be  in  the  hilar  region  of  the  left  lung  (fig.  20A  and  29B).  Fluoroscopy 
on  9  May  showed  it  to  be  in  the  root  area  on  this  side. 

At  thoracotomy  the  following  day,  the  foreign  body  could  not  be  found,  and  the  chest 
was  finally  closed  after  a  long  and  fruitless  search  for  it.  Roentgenograms  taken  imme¬ 
diately  after  operation  revealed  it  l.ying  in  the  right  hilar  region  (fig.  29C). 
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Figuke  20.— Contiiiued.  C.  rosteroanterior 
rcentgenogTain  immediately  after  left  tlioraco- 
tomy  sliowing'  foreign  body  in  right  hilar  region. 

H.  Right  lateral  roentgenogram  showing  frag¬ 
ment  again  localized  in  root  area  of  lung.  At 
operation  immediately  afteiuvard,  it  was  found 
in  the  lumen  of  the  main  right  pulmonary  artery, 
where  it  was  left  in  situ. 

After  operation,  the  patient  remained  more  dyspneic  than  seemed  warranted  by  the 
findings  in  the  chest.  The  only  change  noted  on  electrocardiography  was  a  moderate  sinus 
tachycardia. 

On  9  July,  a  right-sided  thoracotomy  was  done,  after  repeated  roentgenograms  and 
fluoroscopy  immediately  before  operation  had  shown  the  fragment  still  in  the  right  hilar 
region  (fig.  29D).  The  missile  was  found  impacted  within  the  lumen  of  the  main  right 
pulmonary  artery.  A  j^alpable  thrill  was  felt  over  it  and  for  a  short  distance  into  the 
artery  distally.  The  pulmonary  circulation  was  entirely  adequate.  Complete  dissection 
of  the  hilar  structures  did  not  achieve  sufficient  mobilization  of  the  artery  to  warrant  an 
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attempt  to  remove  tlie  znissile,  since  the  involved  segment  of  the  artery  lay  directly  beneath 
the  superior  imlmonary  vein  anteriorly  and  upon  the  right  stem  bronchus  posteriorly. 
Since  there  was  no  evidence  of  aneurysmal  dilatation  of  the  artery  or  of  inadeziuacy  of  the 
pulmonary  circulation,  it  was  decided  not  to  sacrifice  the  posterior  pulmonary  vein  in  order 
to  remove  the  foreign  body. 

Convalescence  was  uneventful  except  for  a  disproportionate  degree  of  dyspnea  for  a 
few  days  following  operation.  The  patient  was  transferred  to  the  Zone  of  Interior  on  IG 
August,  ambulant  and  in  good  condition.  In  Octolzer,  a  followup  letter  from  the  United 
States  reported  that  he  had  continued  well,  with  no  symptoms  other  than  dyspnea  when 
he  ^^allved  rapidly.  Xo  further  roentgenologic  studies  and  no  operative  procedure  had 
been  carried  out. 

This  case  might  be  fairly  termed  unique  in  medical  annals.  The  oppor¬ 
tunity  for  adequate  roentgenologic  study  and  for  complete  exploration  of  both  hilar  regions 
by  a  competent  chest  surgeon  left  no  doubt  that  the  large  metal  fragment  had  migrated, 
against  the  blood  flow  in  the  pulmonary  circuit,  from  its  original  position  in  the  left 
pulmonary  artery  to  its  subsequent  lodgment  in  the  right  pulmonary  artery,  without 
causing  serious  symptoms  or  recognizable  complications.  The  exact  niechanisin  of  the 
migration  is  difficult  to  explain.  It  seems  unlikely  that  it  was  accomplislied  by  gravity 
alone.  It  may  have  been  the  result  of  manipulation  during  the  exploration  of  the  left 
hilar  region,  but  no  definite  statement  can  be  made  on  this  point. 

It  is  a  matter  of  special  interest  that  during  a  review  of  this  case  shortly  after  the 
first  thoi-acotomy,  the  operating  surgeozi  stated  that  the  missile  had  probably  entered  a 
major  lobar  radicle  of  the  right  pulmonary  artery  and  had  progressed  from  there.’' 

Case  10.  This  patient  sustained  a  machinegun  bullet  wound  which  penetrated  the 
right  chest,  just  below  the  middle  third  of  the  clavicle,  on  31  May  1944.  On  4  June,  he 
was  transferred  from  a  field  hospital  to  a  general  hospital.  He  was  then  in  fair  condition 
except  that  his  temperature  was  102°  F.,  the  heart  sounds  were  distant,  and  the  veins  of 
the  neck  were  distended.  Roentgenograms  showed  an  enlargement  of  the  lieart  shadow 
and  a  foreign  body  1.7  by  1  cm.  inside  the  left  cardiac  border.  In  the  right  chest  was  a 
moderate  collection  of  fluid.  On  7  June  1944,  there  was  considerably  increased  distention 
of  the  neck  veins,  and  the  venous  pressure  was  210  mm.  H,0.  Electrocardiograms  showed 
QRS  complexes  of  low  voltage.  Pericardicentesis  produced  750  cc.  of  old,  bloody  fluid. 
The  patient  showed  prompt  improvement  but  had  a  pericardial  friction  rub  for  the  next 
3  days.  Roentgenograms  showed  a  smaller  heart  shadow,  together  with  a  surprising  shift 
of  the  foreign  body,  which  now  lay  just  inside  the  right  border  of  the  heart.  By  20  June, 
the  patient  was  ambulatory.  His  improvement  was  progressive  and  satisfactory  except 
that  he  complained  of  a  dull  pain  running  from  the  sternum  to  the  cardiac  apex  when  he 
walked.  Roentgenograms  showed  the  foreign  body  now  lying  behind  the  cardiac  apex 
just  inside  the  left  border.  On  2  August,  the  foreign  body,  which  was  embedded  in  dense 
pericardial  adhesions  behind  the  aiiex,  was  removed,  with  considerable  difficulty.  On  2 
October,  the  patient  was  evacuated  to  the  Zone  of  Interior  fully  ambulatory  and  complain¬ 
ing  only  of  slight  substernal  ache  on  effort. 


STAB  WOUNDS 

The  single  stab  wound  in  the  series,  which  was  self-inflicted,  was  similar 
to  the  same  type  of  injury  observed  in  civilian  practice.  Emer^i'ency  surg’ery, 
16  hours  after  injury,  was  required  to  control  hemorrhao'e  from  a  small  pinic- 

2  This  patient  was  seen  again  in  1948,  at  which  time  he  was  perfectly  well.  In  April  1959,  he 
suffered  profuse  hemoptysis  because  the  foreign  body  had  eroded  through  the  right  pulmonary  artery 
into  the  right  bronchus  intermedins.  Pneumonectomy  was  necessary,  from  which  he  made  a  good 
recovery.  He  has  remained  in  good  health  to  date  (October  19G0). 
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ture  wound  of  tlie  left  ventricle  near  the  left  descending  coronary  artery.  A 
laceration  of  the  myocardium  was  also  sutured.  The  postoperative  electro¬ 
cardiograms  showed  inversion  of  Ih,  Ih,  and  T4.  The  patient  was  evacuated 
to  the  Zone  of  Interior  in  good  condition  8  weeks  after  oi^eration. 

INJURIES  OF  THE  GREAT  VESSELS 

Since  lacerations  and  penetrations  of  the  great  vessels  were  apt  to  be 
quickly  fatal,  it  is  not  surprising  that  the  experience  of  the  2d  Auxiliary 
Surgical  Group  included  only  two  such  injuries.  The  first  patient  died  on  the 
operating  table,  from  cardiac  tamponade.  The  pericardium  was  distended  by 
hemorrhage  from  a  small  laceration  of  the  superior  vena  cava,  and  the  fragment 
vras  recovered  free  in  the  pericardial  sac. 

The  second  patient  was  of  interest  because  of  the  retained  foreign  body 
which  rested  in  close  apposition  to  the  ascending  aorta  and  moved  vigorously 
with  each  cardiac  pulsation  (fig.  30).  The  vessel  wall  was  presumed  to  have 
escaped  injury,  and  the  patient  was  returned  to  the  Zone  of  Interior  without 
operation  overseas. 

That  this  patient  was  likely  to  continue  well  was  evident  in  the  case  history 
of  another  soldier  observed  in  the  Mediterranean  theater,  who  had  harbored  a 
.38-caliber  bullet  directly  against  the  ascending  aorta  for  the  past  20  years 
(fig.  31).  On  fluoroscopy,  the  bullet  was  seen  to  move  vigorously  with  each 
pulsation  of  the  aorta.  In  the  interim,  he  had  had  no  symptoms  of  an}^  kind, 
and  he  was  returned  to  the  Zone  of  Interior  not  because  of  the  x^resence  of  the 
bullet  but  because  of  bronchial  asthma, 

MANAGEMENT  OF  CARDIAC  WOUNDS 
Official  Policies 

The  infrequency  of  wounds  of  the  heart  suscex:>tible  to  surgical  management 
is  implicit  in  the  scant  attention  paid  to  them  in  the  instructions  for  wound 
management  issued  during  World  War  II.  They  are  not  mentioned  in  the 
circular  letters  x)nblished  in  either  the  Mediterranean  or  the  Eurox)ean  theaters 
or  in  the  “Manual  of  Therax)y”  x>^^fifished  in  the  Eurox^ean  theater  just  before 
D-day.  They  are  also  not  mentioned  in  War  Dex3artment  Technical  Bulletin 
(TB  MED)  147,  which  was  published  in  March  1945  and  which  dealt  with  the 
care  of  battle  casualties  in  the  light  of  the  Avartime  exx^erience  to  date. 

In  fact,  the  oii\y  detailed  instructions  for  management  of  Avounds  of  the 
heart  apx)eared  in  the  thoracic  surgery  section  of  the  military  manual  on  neuro¬ 
surgery  and  thoracic  surgery  x:)ublished  in  1943  under  the  auspices  of  the  Com¬ 
mittee  on  Surgeiy  of  the  Division  of  Medical  Sciences  of  the  National  Research 
Council  (10). 
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Figure  oO. — Retained  shell  fragment  in  close  apposition  to  ascending 
aorta.  It  moved  vigoroTisly  with  each  pulsation.  A.  Posteroaiiterior 
roentgenogram.  R.  Right  anterior  oidique  roentgenogram.  C.  Lateral 
r<u;‘ntgenogram. 


Policies  in  the  Mediterranean  Theater 

Althono-li  foreign  bodies  Avithin  the  lieart  Avere  not  a  major  problem  in  base 
installations  in  tlie  Xortli  African  campaig-ns  or  later  in  tlie  Italian  campaigns, 
it  early  became  necessary  to  establish  a  policy  conceriiino*  their  manao’ement. 
Discussions  by  Col.  EdAvard  D.  Clmrcliilh  ^IC,  Consultant  in  Surgery  to  the 
theater  surgeon,  Ayith  the  thoracic  surgeons  in  the  theater  led  to  the  establish¬ 
ment  of  the  folloAving  principles : 

1.  Only  foreign  bodies  in  the  heart  that  Avere  causing  significant  clinical 
symptoms  or  gi\'ing  rise  to  significant  clinical  signs  Avere  to  be  remoA^ed  in  oA^er- 
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sea  base  installations.  All  sncli  casualties  were  to  be  sent  to  chest  centers,  for 
management  by  qualified  thoracic  surgeons. 

Two  groups  of  objects  were  believed  likely  to  give  trouble.  The  first  was 
composed  of  missiles,  ])articularly  low-A^elocity  fragments,  lying  in  the  myo- 
cardium,  Avitliout  complete  penetration  of  the  chambers.  These,  it  Avas  thought, 
Avould  give  rise  to  continuing  intracardiac  bleeding  or  to  nonhemorrhagic  peri¬ 
cardial  effusion  or  to  both.  A  number  of  such  cases  Avere  managed  vsuccessfully 
by  surgery.  The  second  group  Avas  composed  of  intramyocardial  foreign  bodies 
impinging  on  major  coronary  vessels,  Avhich  might  give  rise  to  symptoms  of 
coronary  arterial  insufficiency.  Tavo  such  cases  Avere  treated,  Avith  complete 
relief  of  anginal  symptoms  after  removal  of  the  objects. 

2.  It  Avas  not  believed  that  so-called  chamber  foreign  bodies ;  that  is,  foreign 
bodies  lying  in  an  auricle  or  ventricle,  Avould  be  a  problem  in  an  oversea  theater. 
On  the  basis  of  long-term  folloAVup  reports  it  Avas  thought  that  patients  in  this 
group  could  be  safely  CAUicuated  to  the  Zone  of  Interior  for  such  surgery  as 
might  be  necessary.  On  the  other  hand,  if  a  chamber  foreign  body  migrated 
intraAuiscularl}^  to  the  pulmonary  vessels,  removal  in  the  oversea  theater  Avas 
c  ons  i  der  ed  indie  at  e  d . 

Experience  confirmed  the  A^alidity  of  this  policy.  Only  a  small  number 
of  true  chamber  foreign  bodies  Avere  observed,  none  of  Avhich  migrated  to  the 
pulmonary  A^essels  or  gaA^e  rise  to  difficulty  during  the  period  of  obserA^ation 
overseas. 

Surgical  Timing 

When  a  patient  Avith  a.  suspected  cardiac  aa^oiukI  Avas  encountered  in  Avar- 
time,  the  decision  as  to  its  management  could  not  be  based,  as  in  ciAulian  life, 
solely  upon  the  presence  of  the  Avound  and  the  patient\s  status.  In  Avartime, 
the  heart  Avound  frequently  represented  only  one  of  several  injuries,  and  both 
tliG  diagnosis  of  the  cardiac  Avound  and  the  timing  of  surgery  for  it  Avere 
complicated  by  the  presence  of  these  multiple  injuries.  As  already  noted, 
only  half  of  the  cardiac  injuries  in  this  series  Avere  diagnosed  before  operation 
or  post  mortem,  but,  in  augav  of  the  difficult  circumstances,  tlie  percentage  of 
diagnoses  is  gratifying  rather  than  otherAvise. 

Decision  as  to  surg‘ery  rested  upon  tAvo  considerations,  the  type  of  injury 
and  the  presence  or  absence  of  a  foreign  body  in  the  heart  or  pericardium. 
Three  questions  liad  to  be  ansAvered : 

1.  Could  the  cardiac  lesion  itself  be  corrected  by  surgery? 

2.  What  Avas  the  effect  of  the  patient's  cardiac  status  on  his  ability  to 
Avithstand  surgery  for  other  Avounds? 

3.  Should  the  surgery  be  performed  at  a  forAvard  hospital,  at  the  base, 
or  in  the  Zone  of  Interior? 

YVhen  the  heart  Avas  exposed  for  any  reason  at  initial  Avound  surgery  in 
a  foi’Avard  Iiospital,  suture  of  the  laceration  Avas  best  accomplished  at  the  for- 
Avard  hospital.  Efficient  repair  Avas  unlikely  in  the  base  section  after  10  days 
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or  more  had  elapsed  after  the  injury.  After  this  lapse,  retraction  of  the  edges 
of  the  myocardial  defect  and  induration  from  proliferation  of  fibroblastic 
tissue  combined  to  defeat  good  approximation. 

Foreign  bodies,  ho^Yever,  presented  a  different  problem.  When  it  was 
certain  that  a  foreign  body  identified  by  roentgenologic  examination  was  just 
Muthiii  the  myocardium  or  had  merely  penetrated  the  pericardium,  it  was  best 
to  postpone  surgery  for  7  to  14  days  and  to  evacuate  the  patient  to  a  base 
center  unless  there  were  early  and  continued  episodes  of  bleeding  or  cardiac 
dysfunction.  Continued  bleeding  from  a  cardiac  wound  was  always  an  in¬ 
dication  for  prompt  thoracotomy.  Otherwise,  surgery  was  seldom  an  emer¬ 
gency.  The  dearth  of  diagnostic  facilities  and  the  lack  of  time  for  unhurried 
study  in  forward  installations  made  accurate  localization  in  them  difficult  or 
impossible. 

Specificall}^,  indications  for  delayed  removal  of  foreign  bodies  included 
cardiac  pain,  arrhythmia,  abnormalities  in  previously  normal  electrocardio¬ 
graphs,  and  suspected  intrathoracic  hemorrhage. 

Preoperative  Management 

liesuscitation  of  patients  with  recognized  cardiac  wounds  followed  stand¬ 
ard  principles.  Originally,  in  accordance  with  the  work  of  Beck  (d),  it  had 
been  thought  that  if  tamponade  existed  or  was  suspected,  it  would  be  of  no 
value  to  give  blood  or  any  other  fluid  intravenously,  since  it  could  not  reach 
the  heart.  The  experimental  Avork  of  Cooper,  Stead,  and  Warren  (7J)  shortly 
before  the  Avar  had  shoAvn  that  rapid  intravenous  infusion,  Avith  the  subse¬ 
quent  increase  in  blood  Amlume,  enabled  dogs  to  AAuthstand  considerably  higher 
intrapericardial  pressure  than  Avhen  this  measure  Avas  omitted.  Elkin  (S)  had 
also  shoAvn  its  clinical  value.  Eapid  blood  transfusions  Avere  therefore 
strongly  recommended  as  part  of  the  preoperative  routine. 


TECHNIQUE  OF  CARDIAC  SURGERY 

When  a  cardiac  Avound  Avas  considered  in  need  of  surgical  repair  or  Avhen 
such  a  Avound  Avas  suspected,  adequate  exposure  through  an  elective  approach 
Avas  mandatory.  The  tragedy  of  inadequate  exposure  Avas  Avell  illustrated  by 
a  case  in  the  2d  Auxiliary  Surgical  Group  experience  in  AAdiich  exsanguination 
occurred  from  an  unsuspected  Avound  of  the  right  auricle.  The  surgical  in¬ 
cision,  a  loAv  posterior  thoracotomy,  Avas  inteDided  for  a  thoracoabdominal 
AYOund  and  Avas  not  suitable  for  control  of  auricular  hemorrhage. 

Surgeons  of  the  2d  Auxiliary  Surgical  Group  believed  very  strongly  that 
extrapleural  techniques  should  not  be  employed,  lioAveA^er  desirable  they  might 
be  in  civilian  life.  In  the  Duval-Barasty  type  of  extrapleural  surgery,  both 
auricles  and  A^entricles  Avere  exposed  simultaneously,  and  the  argument  Avas 
advanced  that  Avith  such  exposure,  there  Avas  less  possibility  for  missiles  to 
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of  sternum. 

migrate  from  one  chamber  to  tlie  other.  Exposure  for  posterior  lesions,  hoAv- 
eA'er,  was  not  satisfactory  by  the  extrapleural  technique.  Such  operations 
always  took  longer  than  operations  performed  l)y  the  traiivSpleural  technique, 
and  there  Avas  no  time  for  them  in  the  busy  AAaYrtime  operating  room.  Finally, 
the  intrapleural  damage  and  hemothorax  almost  alAA^ays  present  in  these  battle- 
incurred  AA^ounds  made  extrapleural  techniques  so  difficult  that  they  ^yere  en¬ 
tirely  impractical. 

Surgical  Approach 

An  anterior  transpleural  approach  (fig.  32 A)  aa^ys  generally  most  suitable. 
An  intercostal  incision  aauis  alAA'ays  employed  unless  the  rib  in  the  iiiA^oh'ed  area 
AAxas  badly  fractured.  The  third  or  fourth  intercostal  space  proAuded  the  best 
exposure  for  aa^ouiicIs  of  the  auricle  and  the  fifth  or  sixtli  intersiDace  for  AAmunds 
of  the  A'entricle.  In  general,  more  of  the  right  A'cntricle  could  be  exposed 
through  a  left-sided  than  through  a  right-sided  thoracotomy  (fig.  32B). 

The  incision  AA’as  carried  to  the  sternum,  and  the  internal  mammary  A^essels 
were  ligated  and  diAuded.  When  it  proA^ed  necessary,  an  increase  in  vertical 
exposure  could  be  obtained  by  transverse  section  of  the  sternum  at  the  level 
of  the  intercostal  incision. 

Usually,  according  to  the  suggestion  of  Beck  (d),  10  cc.  of  5  percent  pro¬ 
caine  hydrochloride  Avas  injected  into  the  pericardial  sac  several  minutes  before 
the  heart  aa^s  exposed.  This  practice  materially  cut  doAAUi  the  incidence  of 
ectopic  beats  AAdiile  manipulations  AA^ere  in  progress. 
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As  a  rule,  tlie  pericardinin  was  found  tense,  AAntli  the  cardiac  pulsations 
weak  or  eA'en  imperceptible.  If  the  pericardial  wound  was  found,  it  ^\^.s  en¬ 
larged  as  necessary.  If  it  was  not  found  promptly,  the  pericardium 
was  opened  betAveen  stay  sutures.  Once  intrapericardial  j)ressure  AA\as  relieA^ed, 
bleeding  became  more  profuse  and  cardiac  contractions  increased  in  force. 
The  heart  AA^ound  Avas  occasionally  located  before  blood  and  clots  Avere  remoA^ed 
and  before  the  heart  began  to  beat  actiA^ely.  Suture  AA^as  simple  under  these 
conditions.  More  often,  the  AA^ound  AA^as  not  located  until  free  blood  and  clots 
had  been  remoA^ed  by  suction. 

Control  of  Hemorrhage  and  Rotation  of  Heart 

In  ATntricular  AYOunds,  if  the  left  index  finger  Avas  placed  oati*  the  AAmund, 
bleeding  AA^as  usually  controlled  sufliciently  to  permit  tlie  passage  of  a  suture 
direct!}'  under  the  finger.  The  suture,  AAdiich  AA^as  left  untied,  AA’as  held  in  the 
left  hand,  so  that  hemostasis  could  be  secured  by  traction  AAdiile  other  sutures 
AAxre  placed  and  tied.  If  the  AA^ound  AAuas  on  the  diaphragmatic  surface,  on 
the  posterior  aspect  of  the  heart,  or  behind  the  sternum,  a  stay  suture  AA^as 
sometimes  passed  through  the  apex,  by  Beck's  (6)  technique,  so  that  the  heart 
could  be  rotated  into  a  far^orable  position  for  suture  of  the  AA^ound. 

Surgeons  of  the  2d  Auxiliary  Surgical  Group  found  that  the  hand  of  the 
assistant  (fig.  25C)  made  a  better  retractor  than  any  suture.  By  this  means, 
the  apex  of  the  heart  could  be  rotated  forAA-'ard  at  least  90°,  and  cardiac  moA^e- 
ment  AA^as  considerably  dainpened.  Spreading  the  fingers  proAuded  a  sliding 
type  of  retractor  AAdiich  permitted  exposure  of  any  portion  of  the  cardiac  ATall. 

If  the  lesions  AA’ere  anterior,  the  palming  method  (Sauerbruch  grip)  had 
adA'antages.  By  this  technique,  the  third,  fourth,  and  fifth  fingers  of  the  sur¬ 
geon's  left  hand  AA^ere  passed  behind  the  heart.  The  index  finger  AA^as  anterior, 
and  the  thumb  aauis  used  as  necessary  for  hemostasis.  This  technique  provided 
excellent  control  of  both  the  heart  and  the  bleeding  area. 

Suture  Techniques 

Much  of  the  AA^ariime  knoAAdedge  of  actual  cardiac  suture  techniques  AA^as 
OAA^ed  to  the  preAA^ar  AA^ork  of  Beck  (d),  Elkin  (.5),  and  Bigger  (4  ),  in  particular 
(fig.  oo).  The  general  techniques  AAdiich  they  had  promulgated  pointed  to  the 
direction,  and  furnished  the  background,  of  most  cardiac  surgery. 

Some  lacerations  in  this  series  AA^ere  deliberately  not  sutured,  for  two  rea¬ 
sons:  Some  AA^ere  considered  too  slight  to  require  repair,  and  some  aatic  so 
located,  or  AA^ere  of  such  a  character,  that  it  Avas  thought  that  attempts  at 
suture  might  lead  to  additional  difliculties.  Among  the  Avounds  left  unsutured 
AATre  (1)  superficial  lacerations  of  the  myocardium  1  or  2  mm.  in  depth,  AAdiich 
AAxre  not  bleeding,  particularly  if  the  left  yentricle  AA'as  inAmh^ed;  (2)  round  or 
oAuil  lacerations  left  after  remoAud  of  foreign  bodies,  especially  in  the  apical 
region;  and  (3)  lacerations  near  a  major  coronary  artery,  in  AAdiich  the  risk  of 
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nonrepair  had  to  be  weighed  against  the  cliances  of  thronibus  formation. 
Wounds  of  the  coronary  A'essels  were  not  necessarily  fatal.  If  small  branches 
were  bleeding,  very  carefnl  ligature  or  suture  of  the  individual  branches  was 
highly  satisfactory. 

Wounds  which  had  penetrated  the  cardiac  chambers  were  always  sutured, 
even  though  they  were  plugged  by  blood  clots  and  were  not  bleeding  v'hen  they 
were  exposed.  If  they  were  not  sutured,  secondary  hemorrhage  was  always  a 
possibility. 

In  general,  it  was  easier  to  repair  lacerations  of  the  auricle  on  the  right 
side  than  on  the  left.  Since  the  right  wall  is  thinner  than  the  left,  repair  of 
wounds  in  this  area  was  always  necessary,  on  the  ground  that  after  repair, 
the  wall  was  thicker,  and  the  scar  from  the  sutured  laceration  stronger,  than 
a  naturalh^  healed  wound.  Complete  suture  or  some  other  type  of  repair  Avas 
considered  mandatory  if  the  depth  of  the  laceration  felt  thin  or  if  there  Avas 
any  myocardial  bulging.  Without  adequate  suture,  aneurysm  of  the  myocar¬ 
dium  miglit  develop  later.  Cases  of  this  kind  Avere  reported  b}^  Loison  (cited 
by  Lilienthal  {12)), 

Large  Avounds  of  the  auricle  deseiwe  special  mention.  EA  en  Avounds  as 
large  as  3  cm.  might  not  be  exsanguinating  because  the  lung  had  collapsed 
against  the  Avound  or  a  clot  had  formed.  The  maneuver  of  covering  the  defect 
Avith  the  finger  in  penetrating  Avounds,  as  practiced  in  ventricular  Avoimds,  Avas, 


Ficuke  — Teclmique  of  cardiac  suri^ory.  A.  Closure  of  i»erforatins  wound  of  left 
auricle  by  modi  lied  Beck  technique.  B.  Closure  by  modi  tied  Flkin  technique.  Occlusion 
of  wound  with  rubber-shod  forceps. 
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liowevcr,  not  practical  in  wounds  of  the  auricle  because  of  the  thinness  of  the 
ain-icular  wall.  If  sutures  could  not  be  placed  immediately,  the  best  plan  was 
to  grasp  each  edge  of  the  laceration  with  line  forceps,  which  were  then  approxi¬ 
mated,  or  to  use  temporary  ligatures  until  sutures  could  be  properly  introduced. 
If  the  wound  was  at  the  edge  of  the  auricle,  it  would  be  completely  occluded 
with  rubber-shod  forceps. 

Perforating  through-and-through  wounds  of  the  chambers  could  be  re¬ 
paired  successfully  if  both  wounds  were  superficial.  No  method  of  exposure 
was  practical  for  repairing  a  wound  of  the  posteromesial  surface  of  the  right 
auricle.  The  only  two  patients  in  the  2d  Auxiliary  Surgical  Group  series 
with  this  type  of  wound  both  died  of  exsanguination,  caused  by  hemorrhage 
from  the  free  wounds.  If  the  cardiac  AYOund  could  have  been  repaired,  the 
mediastinal  perforation  might  have  sealed  off. 

A  needle  with  a  small  ejG  or  an  atraumatic  needle  was  used.  Sutures  were 
interrupted  and  were  usually  of  braided  No.  00  or  No.  000  silk,  preferably 
oiled  or  waxed.  They  were  placed  as  close  as  possible  to  the  wound  edges  but 
did  not  include  them,  if  this  could  be  avoided  (it  could  not  always  be  avoided 
in  auricular  Avounds),  because  of  the  possibility  of  thrombus  formation.  In 
myocardial  defects,  sutures  Avere  taken  into  the  epicardium  and  superficial  myo¬ 
cardium.  No  sutures  included  the  endocardium  (fig.  23).  Great  care  Avas 
taken  in  the  placing  of  sutures,  since  necrosis  of  the  Avound  edges,  particularly 
Avhen  the  cardiac  chambers  Avere  inAmhnd,  could  lead  to  fatal  necrosis  and 
secondary  hemorrhage.  Sutures  Avere  tied  during  systole  Avhen  possible  and 
ahvays  Avithout  tension. 

Some  lacerations,  because  of  loss  of  substance  as  the  result  of  the  necrosis 
and  contusion  of  surrounding  tissues,  Avere  difficult  if  not  impossible  to  suture 
complete]A^  Then  consideiuble  ingenuity  had  to  be  exercised  to  secure  closure, 
particularly  Avhen  the  laceration  extended  into  a  cardiac  chamber.  Free  muscle 
grafts  Avere  useful,  and  probably  sliould  hixvG  been  employed  more  frequenth" 
than  they  Avere.  They  could  be  laid  in  the  defect,  Avhere  they  Avere  held  in 
jfface  by  fine  sutures  (fig.  24B).  They  helped  to  fill  the  defect  and  Avere  also 
instrumental  in  checking  hemorrhage  or  myocardial  oozing. 

As  a  further  reinforcing  mechanism,  the  pericardium  Avas  sutured  over 
file  area  of  repair,  after  establishment  of  drainage  for  the  pericardial  sac  into 
the  plein-al  cavity  by  a  cruciate  incision.  The  edges  of  the  pericardium  could 
be  eitlier  approximated  or  imbricated  (fig.  24C).  This  technique,  combined 
Avith  the  use  of  a  muscle  graft,  provided  solid  repair.  A  flap  of  pericardium  as 
an  extra  layer  was  also  useful  AAdien  bleeding  had  not  been  completely  controlled 
by  myocardial  suture. 

Drainage  Avas  proAuded  into  the  pleural  cavity  by  closing  the  i)ericardium 
so  loosely  that  fluid  Avas  able  to  escape.  In  the  tAvo  cases  in  AAdiich  this 
precaution  Avas  omitted,  pericardial  effusion  occurred  (p.  65) . 

The  chest  Avail  Avas  sutured  Avitli  careful  approximation  of  the  anatomic 
layers. 
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ANALYSIS  OF  CASES 
Management 

Lacerations  and  perforations.— Twenty-nine  cardiac  injuries  were  vis¬ 
ualized  at  operation  and  managed  as  follows : 

Complete  repair  was  accomplished  in  four  lacerated  wounds  (one  of  the 
left  ventricle,  tv  o  of  the  right  ventricle,  and  one  of  the  right  auricle  and  right 
ventricle) . 

Partial  repair  was  accomplished  in  two  lacerations  of  the  left  ventricle. 

Complete  repair  was  accomplished  in  10  perforating  or  penetrating  wounds 
(6  of  the  left  ventricle,  1  of  the  right  ventricle,  1  of  the  left  auricle,  and  2  of 
the  right  auricle) . 

Repair  Avas  attempted  hut  proved  impossible  in  two  perforated  wounds 
of  the  right  auricle. 

Xo  repair  Avas  attempted  in  11  Avounds,  including  10  lacerations  (8  of  the 
left  ventricle,  1  of  the  right  A'entricle,  and  1  of  the  right  auricle),  and  1  per¬ 
forating  AA'ound  of  the  right  A^entricle. 

Foreign  bodies. — It  AA^as  the  policy  in  the  Mediterranean  theater  to  be  ex¬ 
tremely  conservatiAn  about  the  remoAuxl  of  foreign  bodies  in  forAAnrd  hospitals 
or,  indeed,  in  any  oA^ersea  hospital.  Of  the  20  retained  missiles  in  the  75 
cardiac  AAminds  in  the  2d  Auxiliary  Surgical  Group  experience,  only  0  AAnre 
remoAnd,  as  folloAA^s: 

Four  (of  four)  AA'ere  recovered  from  the  pericardium. 

One  (of  three)  AA\as  recovered  from  tlie  pericardial  sac. 

Three  (of  ten)  Avere  recovered  from  the  myocaridum:  five  others  AAnre 
found  at  autopsy. 

One  (of  four)  Avas  recovered  from  the  cardiac  chambers;  three  others 
Avere  found  at  autopsy. 

The  majority  of  fragments  not  remoAnd  Avere  small,  0.5  cm.  or  less  in 
diameter.  In  some  cases,  the  condition  of  the  patient  did  not  Avarrant  an 
extended  search  for  them.  The  tAvo  foreign  bodies  not  remoA^ed  from  the 
pericardial  sac  Avere  not  identified  positiAnly,  but  from  the  roentgenologic 
evidence  and  operative  findings,  it  Avas  considered  highly  likely  that  they  Avere 
present. 

Of  the  eight  foreign  bodies  found  only  at  autopsy,  the  missile  Avas  directly 
responsible  for  one  death,  because  of  an  embolus  to  the  heart  (case  7,  p.  80) 
and  possibly  for  a  second  death  (case  8,  p.  80) . 

Postoperative  Observations  and  Complications 

Certain  cardiac  abnormalities  Avere  obseiwed  in  some  of  the  patients  Avho 
survived  surgery : 

Eight  developed  friction  rubs,  some  of  ayIucIi  Avere  audible  for  as  long  as 
Aveeks. 
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Two  patients  had  apparent  myocardial  accidents,  presumed  to  be  infarc¬ 
tions.  One  occurred  in  the  single  stab  wound  in  the  series  (p.  84) .  The  other 
patient  developed  a  typical  coronary  occlusion  24  hours  after  operation,  with 
transient  auricular  fibrillation,  precordial  pain,  and  circulatory  collapse.  This 
patient  had  presented  extrasystoles  before  operation,  and  at  operation,  it  was 
necessary  to  ligate  a  small  bleeding  terminal  branch  of  the  anterior  descending 
artery.  In  addition,  he  had  a  clean  superficial  laceration  of  the  cardiac  apex, 
whicli  was  not  repaired. 

One  patient  had  a  transient  piTeumopericardium. 

One  patient  developed  liemiplegia  after  repair  of  a  laceration  of  the  left 
ventricle.  One  may  speculate  Avliether  mural  thrombi  formed  after  operation. 

Two  patients  developed  massive  pericardial  effusions.  In  neither  instance 
was  the  pericardium  drained  at  operation.  Both  did  well  with  pericardicentesis, 
and  there  were  no  apparent  sequelae. 

Four  other  patients  had  delayed  pericardial  effusions  between  2  and  6 
weeks  after  injury,  for  no  apparent  reason.  All  recovered  under  conservative 
management.  The  clinical  course  suggested  an  irritative  phenomenon  rather 
than  a  fiareup  of  latent  infection.  British  observers  in  the  Mediterranean 
theater,  who  observed  a  few  similar  cases,  accepted  this  development  as  an 
indication  for  removal  of  any  retained  foreign  bodies  as  soon  as  the  acute 
I'eaction  subsided.  The  limited  U.S.  experience,  as  well  as  theoretical  con¬ 
siderations,  suggested  a  more  benign  interpretation,  which  remained  for  the 
future  to  clarify. 

Fibrinous  pericarditis  developed  in  four  cases  and  quite  likel}-  was  present 
in  others  in  which  it  was  not  clinically  apparent.  The  removal  of  dressings 
and  bandages  to  establish  this  fact  would  not  have  been  justified.  In  the 
affected  patients,  electrocardiograms  usually  exhibited  the  expected  changes 
in  the  QBS  complexes  (low  voltage),  with  lesser  degrees  of  alteration  in  the 
T- waves  and  S-T  intervals. 

Purulent  pericarditis  occurred  in  one  case  in  the  series  in  which  the  diag¬ 
nosis  of  pericardial  injury  v  as  missed  at  first : 

Case  11. — This  patient  sustained  a  severe  penetrating  shell-fragment  wound  of  the 
epigastric  region  on  3  .June  1944.  Dehridement  revealed  no  pleural  penetration,  and  no 
foreign  body  was  visualwed.  Laparotomy  revealed  no  intra-abdominal  injury. 

Five  days  after  wounding,  the  patient  became  increasingly  dyspneic,  and  cardiac  en¬ 
largement  was  noted.  Digitalis  was  administered,  on  a  diagnosis  of  myocardial  insuf¬ 
ficiency.  When  he  was  admitted  to  a  thoracic  surgery  center  on  11  June,  600  cc.  of  dark, 
bloody  fluid,  without  odor,  was  removed  from  the  pericardium,  with  XJrompt  relief  of 
dyspnea.  Systemic  x^onicillin  therapy  was  begun.  Five  days  later,  only  10  cc.  of  fluid 
was  obtained  on  i)ericardial  aspiration,  but  2  days  later,  1,000  cc.  was  obtained.  The 
patient  became  progressively  more  febrile,  and  on  17  June,  the  fluid  removed  (400  cc.)  had 
an  offensive  odor,  shelved  early  purulent  transition,  and  on  direct  smear  was  found  to  be 
teeming  with  organisms. 

Pericardiostomy  was  performed  immediately,  by  removal  of  segments  of  the  fourth 
and  fifth  costal  cartilages.  A  large  metallic  foreign  body,  surrounded  by  a  large  piece 
of  cloth,  was  found  in  the  posterior  recess  of  the  left  pericardial  sac :  it  had  driven 
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Figuke  34  (case  11). — Supiiurative  pericarditis.  A.  Posteroantcrior  roent¬ 
genogram  showing  extent  of  accumulated  lluid  in  pericardium.  Aspirated 
fluid  showed  early  purulent  transition  and  had  a  foul  odor.  B.  Same,  3  weeks 
after  pericardial  drainage. 


itself  partly  through  the  pericardium  and  into  the  left  pleural  space.  The  inissile,  with 
its  cloth  iin’estment,  was  removed,  and  the  pericardium  was  emptied  hy  suction  and  was 
tacked  to  the  pectoral  fascia  to  keep  it  widely  open.  No  other  provision  for  drainage  was 
made.  Cultures  were  reported  positive  for  proteolytic  Clostridia. 

The  patient  made  a  very  rapid  recovery,  and  the  pericardial  cavity  was  rapidly  ob¬ 
literated.  There  were  no  episodes  of  recurrent  dyspnea  or  paradoxical  pulse.  The  fever 
subsided  promptly,  and  the  patient  was  up  and  about  18  days  after  operation. 

Conimciit. — The  foreign  body  in  this  case  was  not  visualized  (fig.  SlAj  by  roentgeno¬ 
grams  because  of  the  superimiwsition  of  the  heart  shadow  and  the  density  of  the  fluid 
in  the  pericardium.  Its  presence  in  the  pericardium  was  suspected  because  of  the  failure 
to  visualize  it  elsewhere  and  the  nature  of  the  wound.  The  patient’s  rapid  convalescence 
is  explained  by  the  fact  that  drainage  was  instituted  early,  before  the  pericardial  fluid 
became  thick  and  intensely  purulent.  As  a  result,  there  was  no  recurrence  of  dyspneic 
episodes  and  no  irregularities  of  the  pulse.  There  was  also  iirompt  obliteration  of  the 
pericardial  sac  (fig.  34B).  Fibrinous  deposition  of  exudate  on  serosal  surfaces  is  an  im¬ 
portant  factor  in  delayed  convalescence  in  such  cases  and  furnishes  an  urgent  reason  for 
early  drainage. 

Fatalities 

There  were  30  deaths  in  tlie  To  cardiac  injuries  managed  by  tlie  surgeons  of 
the  2d  Auxiliary  Surgical  Group,  3  among  the  18  pericardial  injuries  and 
2T  among  the  57  m3mcardial  injuries. 

All  three  deatlis  in  the  pericardial  group  occurred  48  hours  or  more  after 
operation,  and  none  could  be  attributed  to  the  cardiac  Avound  per  se.  Of  the 
27  deaths  in  the  myocardial  injuries,  20  Avere,  hoAvever,  directl}^  attributable  to 
the  cardiac  avouikIs.  The  seA  en  remaining  fatalities  Avere  APiriously  attributable 
to  associated  Avounds  or  to  shock,  bronchopneumonia,  and  anuria. 

Ten  cardiac  Avounds  Avere  seen  only  at  autopsy,  as  folloAvs : 
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Four  lacerated  wounds,  including  one  of  the  left  ventricle,  one  of  the  right 
ventricle,  and  two  of  both  ventricles. 

Six  perforated  wounds,  including  one  of  the  left  ventricle,  one  of  the 
right  ventricle,  one  of  the  left  auricle,  and  three  of  the  right  auricle. 

Causes  of  death. — Exclusive  of  the  3  deaths  in  the  18  pericardial  injuries, 
the  27  deaths  in  the  57  wounds  of  the  heart  proper  were  distributed  as  follows : 

Eleven  deaths,  six  due  to  cardiac  causes,  in  sixteen  pure  contusions.  Three 
of  these  cardiac  deaths  were  due  directly  to  myocardial  lesions  aiid  usualh^ 
occurred  suddenly,  from  infarction  or  arrhythmia.  In  the  three  other  cases, 
tlie  heart  wound  played  an  essential  contributoiy  part  in  the  fatality  but  was 
not  tlie  only  cause. 

Five  deaths,  four  due  to  cardiac  causes,  in  the  ten  lacerations  associated 
with  contusions. 

One  death,  due  to  the  myocardial  lesion,  in  the  ten  pure  lacerating  wounds. 

Nine  deaths,  eight  due  to  cardiac  causes,  in  the  nineteen  perforating  or 
penetrating  Avounds.  In  four  cases,  the  fatality  Avas  due  to  exsanguinating 
hemorrhage  from  the  cardiac  Avounds,  and  in  tAvo  cases  to  tamponade. 

One  death,  in  a  myocardial  lesion,  due  to  a  cardiac  embolus. 

An  analysis  of  the  cardiac  deaths  (table  6)  shoAvs  that  15  of  the  20  folloAved 
Avounds  of  the  A^entricles. 

Time  of  death. — The  distribution  of  the  27  deaths  in  the  series  in  relation 
to  the  time  of  the  fatality  Avas  as  f oIIoavs  : 

Tavo  before  operation,  both  as  the  result  of  the  cardiac  Avound. 

Ten,  including  four  in  thoracoabdominal  injuries,  before  surgery  Avas  com¬ 
pleted  or  immediately  after  operation.  Eight  Avere  considered  due  to  the 
cardiac  AA^ound. 

Four,  including  three  thoracoabdominal  AA^ounds,  betAA^een  1  and  5  hours 
postoperatiA-e.  Three  aawo  considered  due  to  the  cardiac  Avounds. 


Table  6. — Distribution  of  27  deaths  in  56  comhat-incurred  cardiac  injuries  ^ 


Type  of  injury 

Xumber 

Number  of  deaths 

Anatomic  distribution  of  cardiac  deaths 

of  cases 

Cardiac 

other 

A^entricles 

Auricles 

rinntiii^inriR 

16 

6 

5 

Right 

2 

Left 

3 

Both 

1 

Bight 

Left 

TinnoT’fl.t.i'nns 

10 

1 

1 

nmitiisions  nnH  In.CRrn.tionR 

1 

10 

4 

1 

i  1 

1 

2 

! 

Pf^rfornting  or  pmiot.rnting 

19 

8 

1 

1 

2 

4 

1 

Emhnlns  of  hnnrt 

1 

1 

1 

Total-  -  -  - 

56 

20 

7  ^ 

5 

7 

3 

4 

1 

1  This  table  does  not  include  a  self-inflicted  stab  wound,  from  which  the  patient  recovered.  It  also  docs  not  include 
18  combat -incurred  pericardial  injuries,  3  of  which  were  fatal. 
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Two  between  G  and  12  hours  postoperative.  Xeitlier  was  due  directly  to 
the  cardiac  wound. 

Six,  includino-  one  thoracoabdoininal  wound,  betAveen  12  and  2d  liours 
postopera tiA^e.  F our  Avere  considered  due  to  tlie  cardiac  Avound. 

Three,  including*  tAvo  thoracoabdoniinal  Avounds,  after  2d  hours.  All  Avere 
considered  due  to  tlie  cardiac  Avound. 

Of  the  20  deaths  considei’ed  directly  due  to  the  cardiac  Avound,  2  occurred 
before  operation,  8  during  or  iinmediately  after  operation,  3  Avitlvin  5  hours 
after  operation,  d  Avithin  do  to  2d  hours  x^ostoperatiA^e,  and  3  after  2d  hours 
X)ostoxAeratiA’e. 

Responsibility  for  cardiac  fatalities— In  20  deaths  attributed  to  Avounds 
of  the  heart,  either  surgery  Avas  not  done  at  all,  or  correctiAX  surgery  Avas  not 
comx)leted.  An  analysis  of  these  cases  indicates  that  in  eight,  surgery  Avould 
probably  haA^e  benehtcd  the  patients  and  that  in  one  other  case,  it  might  x)ossil)ly 
have  been  beneficial.  In  the  other  11  cases,  surgery  Avould  not  have  been  useful, 
or  more  extensAe  surgery  than  Avas  carried  out  Avould  have  been  useless.  Of 
these  11  casualties,  d  Avere  in  such  x)oor  condition  Avhen  they  Avere  first  seen  that 
they  died  XDromx:>tly,  either  before  or  during  ox:)eration.  Another,  thought  to  be 
in  good  condition,  died  suddenly  dui-ing  ox)eration,  and  three  others,  also 
thought  to  be  in  good  condition,  died  suddenly  soon  after  ox)eration.  The  other 
three  x')atients  in  this  group  died  after  oxAeration,  soon  after  symptoms  of  myo¬ 
cardial  infarction  had  become  evident. 

When  the  analysis  of  the  XAOSsible  benefits  of  surgery,  or  of  more  comxAlete 
surgery,  is  made  in  these  20  cases  from  the  standxAoint  of  the  causative  lesion, 
the  folloAvino*  facts  emerge : 

1.  The  six  casualties  Avith  contusions  could  not  have  benefited  by  ox)eration. 
This  is  not  a  lesion  Avhich  is  ever  benefited  by  surgery,  nor  is  it  a  condition  in 
AAdiich  early  oxAeration  for  other  causes,  lioAveA^er  necessaiw  it  may  be,  is  Avell 
tolerated. 

2.  Surgery  Avould  not  liaA^e  been  useful  in  the  single  fatal  lacerating  Avound 
uncomxAlicated  by  other  cardiac  damage.  The  x)J^tient  had  a  x^ericarditis  x^ro- 
duced  by  contamination  Avitli  gastric  contents,  though  the  exact  role  of  the 
infection  in  the  fatal  outcome  cannot  be  stated  x^i'ecisely. 

3.  OxAeration  Avould  not  liaA^e  been  useful  in  four  cases  of  myocardial  lacera¬ 
tions  and  contusions  in  AAdiich  it  Avas  omitted,  nor  Avould  additional  surgery 
haA^e  been  beneficial  in  a  fifth  case  in  Avliich  the  laceration  Avas  rexA aired.  Dam¬ 
age  Avas  lethal  in  all  four  of  these  cases.  In  three,  the  anterior  descending  branch 
of  the  left  coronaiy  artery  x^i'esented  a  traumatic  thrombosis  for  at  least  half 
its  length,  and  the  fourth  patient  had  an  early  x^ericarditis  x^i‘oduced  by  con¬ 
tamination  from  gastric  contents.  A  fifth  xAatient,  Avith  a  Anyocardial  laceration 
and  contusion,  might  x^ossibly  haA^e  been  helxAed  by  surgery.  ITe  died  suddenly, 
4  hours  after  debridement  of  the  thoracic  Avound.  At  autoxAsy,  a  shell  fragment 
15  bA^  10  Iaa^  10  mm.  Avas  found  in  contact  Avith  the  sternum,  Iving*  in  a  shalloAv, 
contused,  lacerated  Avoimd  of  the  right  ATiitricle  at  the  base  of  the  x>ulmonary 
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conus.  It  is  possible  tliat  tlie  continued  presence  of  tliis  missile  was  responsible 
for  propagatino-  fatal  ectopic  stimuli.  The  pericardium  contained  150  cc.  of 
liquid  blood,  but  the  sac  was  not  tense,  and  the  mode  of  death  did  not  suggest 
that  pressure  from  tamponade  played  any  part  in  the  fatal  outcome. 

4.  Operation  would  probably  have  been  useful  in  the  fatal  case  in  which  the 
foreign  body  became  embolic  to  the  heart. 

5.  The  largest  group  of  cases  in  which  surgery  might  have  been  beneficial 
consisted  of  seven  penetrating  or  perforating  wounds  of  the  cardiac  chambers. 
Eepair  of  the  defect  Avould  x)robab]y  have  succeeded  in  six  of  these  cases  and 
might  have  helped  in  the  seventh.  Four  of  the  patients  died  of  exsanguination, 
one  in  the  shock  ward,  two  on  the  operating  table,  and  the  other  of  an  unrecog¬ 
nized  perforating  wound  of  the  right  auricle.  In  this  case,  original  hemor¬ 
rhage  had  apparently  ceased  when  debridement  of  the  thoracic  wall  was  done, 
but  rapid  exsanguination  occurred  before  additional  surgery  was  performed  30 
hours  after  the  injury. 

There  were  two  instances  of  tamponade  in  these  seven  cases.  One  was  en¬ 
tirely  unsuspected  until  autopsy.  The  second  was  recognized  too  late  for 
control,  tliough  it  is  doubtful  that  the  j)atient  could  have  survived,  in  view  of 
the  severe  associated  thoracoabdominal  wounds. 

The  mode  of  death  in  the  remaining  (seventh)  case  in  this  group  is  not 
entirely  clear.  Death  occurred  suddenly  and  was  considered  due  to  myocardial 
dysfunction.  The  patient  had  a  through-and-through  wound  of  the  left  auricle, 
and  there  was  approximately  100  cc.  of  blood  in  the  pericardium,  without  any 
evidence  of  tamponade.  It  is  speculative  that  repair  of  the  defects  might  have 
been  successful  but  quite  obvious  that  a  man  with  such  injuries  could  not  survive 
very  long  without  surger}^ 
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CHAPTER  III 


Thoracoabdominal  Wounds 

Lyman  A.  Brewer  III,  M.D. 

GENERAL  CONSIDERATIONS 

Definition.^ — The  term  “thoracoabdominal  wound’’  Avas  reserA^ed  in  World 
War  II  for  a  AA^ound  in  AAdiich  a  single  missile  aauis  responsible  for  damage  to 
structures  of  the  chest  and  the  abdomen.  In  approximately  90  percent  of  all 
cases,  the  missile  entered  the  chest  and  passed  into  the  abdomen.  As  a  rule, 
the  term  “thoracoabdominal  injury”  implied  a  perforation  of  the  diaphragm. 
Occasionally,  a  missile  that  entered  the  chest  could  transmit  sufficient  force 
through  an  intact  diaphragm  to  produce  an  abdominal  injury,  but  this  AA^as  most 
unusual.  A  AA’ound  of  the  so-called  bare  area  of  the  liA^er  produced  bj^  a 
fragment  that  entered  the  chest  and  perforated  the  diaphragm  aa  as  considered 
a  true  thoracoabdominal  AAmund. 

The  term  “thoracoabdominal  AAmimd”  should  neA^er  IniA^e  been  used,  as  it 
occasionally  AA^as,  for  AAmunds  in  AAhich  both  serous  caAuties  AA^ere  injured  by 
separate  missiles.  The  distinction  is  important.  The  management  of  a  com¬ 
bined  thoracic  and  abdominal  AA^ound  inflicted  by  separate  missiles  and  Avith- 
out  perforation  of  the  diaphragm  differed  considerably  from  the  management 
of  a  thoracoabdominal  AA'ound  in  aa  hich  the  injury  of  both  caAuties  AA^as  produced 
by  the  same  missile  and  in  Avhich  perforation  of  the  diaphragm  AA^as  a  factor. 
Thoracoabdominal  and  combined  thoracic  and  abdominal  AA'ounds  resembled 
each  other  in  one  respect,  hoAA^ever,  that  both  carried  A^ery  high  mortality  rates. 

Incidence. — There  aauis  not  complete  agreement  as  to  the  incidence  of  these 
AA'ounds.^  They  accounted  for  about  5  percent  of  all  admissions  for  battle- 
incurred  Avounds  in  SeA-enth  U.S.  Army  hospitals.  Maj.  (later  Lt.  Col.) 
LaAAU'enco  M.  Shefts,  MC,  and  Capt.  (later  Maj.)  Ernest  A.  Doud,  MC,  aaTio 
had  a  representatiA' e  forAYard  experience,  found  that  thoracoabdominal  Avounds 
represented  about  a  quarter  of  their  intrathoracic  Avounds.  The  903  thora¬ 
coabdominal  injuries  treated  by  the  2d  Auxiliary  Surgical  Group  amounted  to 
almost  40  percent  of  the  2,267  intrathoracic  injuries  Avhich  they  encountered. 

Management  in  field  hospitals.— About  a  quarter  of  the  battle-incurred 
injuries  treated  in  field  hospitals  in  the  Mediterranean  theater  Avere  thoracoab¬ 
dominal  injuries.  Since  casualties  Avith  these  injuries  Avere  ahvays  nontrans¬ 
portable,  practically  all  Avere  treated  in  these  forAvard  hospitals.  The 

1  Oflicial  statistics  for  thoracoabdominal  in.inries  aprcav  in  the  first  volume  dealing  with  thoracic 
injuries  (chapter  II,  tables  8-11). 
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occasional  casualty  treated  in  an  evacuation  liosx^ital  had  an  injury  that  had 
escaped  recognition  in  the  held  hospital.  The  nianagement  of  thoracoab¬ 
dominal  injuries  in  base  hospitals  consisted  of  the  management  of  complications 
and  the  care  and  closure  of  colostomies. 

Aa  a  group,  casualties  with  thoracoabdominal  wounds  presented  the  sever¬ 
est  injuries  of  all  battle  casualties;  furnished  a  high  proportion  of  the  admis¬ 
sions  to  held  hospitals,  where,  as  just  noted,  most  of  them  were  treated;  and 
had  the  highest  case  fatality  rate  of  any  group  admitted  to  them. 

These  Avounds  furnished  the  most  important  single  indication  for  surgery 
of  thoracic  injuries  in  a  held  hospital,  for  two  reasons,  (1)  that  resuscitation 
was  not  complete  without  surgical  repair  of  the  intraperitoneal  damage,  and 
(2)  that  in  this  type  of  Avound,  immediate  surgery  Avas  necessary  to  prevent  or 
control  intraperitoneal  contamination.  In  thoracoabdominal  AAmunds,  AAdiether 
the  diagnosis  Avas  established  or  merely  probable,  surgery  Avas  indicated  as  soon 
as  cardiorespiratory  stability  permitted. 

Attention  has  been  called  elseAAdiere  to  the  necessity  for  thoracic  surgeons 
assigned  to  held  hospitals  to  be  able  to  do  intra-abdominal  surgery  (a^oI.  I). 
The  lara'e  number  of  thoracoabdominal  Avounds  that  had  to  be  handled  in  these 
installations  Avas  further  proof  of  the  need  for  this  dual  ability.  EA^en  though 
the  majority  of  casualties  Avith  injuries  limited  to  the  thorax  could  be  eA^acuated 
to  the  evacuation  hospitals  after  resuscitation,  if  not  before,  a  single  team  could 
not  handle  the  remainder  of  the  casualties  in  this  group  plus  all  of  the  casualties 
in  the  thoracoabdominal  group.  Thoracoabdominal  iiijuries  Avere  practically 
always  very  serious,  and  a  great  deal  of  time  Avas  consumed  in  resuscitation  and 
at  operation.  A  desirable  plan,  wdieii  available  personnel  permitted  its  use, 
was  to  assign  a  senior  thoracic  surgeon  to  a  field  hospital  and  j)lace  tAvo  teams 
under  his  direction.  In  this  Avay,  he  could  supervise  the  management  of  all 
serious  thoracic  and  thoracoabdominal  Avounds  Avithout  attempting  the  usually 
impossible  task  of  managing  them  all  personally. 

PATHOLOGIC  PROCESS 

The  AAmund  of  entrance  in  thoracoabdominal  AA’ounds  AAnis  in  the  thorax  in 
the  great  majority  of  cases.  In  the  903  such  Avounds  encountered  by  the  2d 
Auxiliary  Surgical  Group,  the  missile  entered  through  the  chest  83T  times  and 
through  the  abdomen  66  times. 

Thoracic  injuries. — In  most  instances,  the  entering  missiles  caused  frac¬ 
tures  of  the  ribs;  the  level  of  the  fractures  tended  to  correspond  Avith  the  zone 
of  the  diaphragm.  In  only  3  of  the  903  Avounds  just  mentioned  Avas  the  site 
of  the  costal  fracture  above  the  sixth  rib  posteriorly  or  the  fourth  rib  anteri¬ 
orly.  The  paucity  of  Avounds  in  the  upper  chest  is  probably  to  be  explained 
by  the  smaller  size  of  the  target  and  by  the  lethal  effect  of  missiles  Avhich  entered 
the  thorax  in  a  cephalad  direction ;  these  patients  did  not  sur Auve  to  reach  a 
hospital. 
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Pulmonary  damage  varied  according  to  the  site  of  injury.  Wien  a  costo- 
phrenic  angle  ivas  crossed,  damage  was  usually  minimal.  If  the  wound  of 
entrance  was  elsewhere,  there  was  usually  a  perforation  or  a  laceration  of  the 
lung.  Contusions  were  less  frequent.  Hemorrhage  was  pi^esent  along  the 
track  of  the  missile  and  for  1  to  3  cm.  beyond  it.  In  an  occasional  case,  a 
segment  of  the  lung  was  found  amputated. 

The  mediastinum  was  injured  30  times,  the  heart  14  times,  and  the  pericar¬ 
dium  alone  13  times  in  these  903  cases.  There  ivas  onl}'  one  injury  of  the 
esophagus. 

In  most  cases  handled  by  the  2d  Auxiliary  Surgical  Group,  on  whose 
material  all  of  the  following  statements  are  based,  the  jiulmonary  wound  was 
in  the  peripheral  portions  of  the  lower  lobes  because  the  missiles  most  often 
entered  through  the  loAA'er  chest  in  the  zone  of  the  diaphragm.  Injuries  of  the 
middle  lobe  and  of  the  lingula  of  the  left  upper  lobe  were  much  less  frequent. 

Diaphragmatic  injuries. — Injuries  to  the  diaphragm  (fig.  35)  fell  roughly 
into  three  categories : 

1.  Small  single  or  double  perforating  wounds. 

2.  Large  lacerated  wounds. 

3.  Avulsion  of  the  diaphragm  from  its  attachment  to  the  chest  wall. 

The  Avounds  Avere  almost  equally  distributed  betAveen  the  right  (435  cases) 
and  the  left  (448  cases)  sides.  In  20  cases,  the  diaphragm  Avas  perforated 
bilaterally. 

Herniation  of  abdominal  contents  through  the  diaphragm  Avas  recorded 
57  times.  In  17  instances,  only  the  omentum  protruded.  The  explanation  of 
eAdsceration  Avas  the  physiologic  fact  that  pressure  is  normally  loAver  Avithin 
the  chest  than  Avithin  the  abdomen.  As  a  result,  the  sjDillage  of  gastric  and 
intestinal  contents  into  the  chest  Avas  ahvays  a  possibility  Avhen  the  diaphragm 
had  been  Avoimded. 

Intra-abdominal  injuries. — ^The  liver  took  the  impact  of  missiles  which 
entered  on  the  right  side.  It  Avas  iiiA^olved  in  407  of  the  435  right-sided  injuries. 
In  the  order  of  frequency  after  Avounds  of  the  liA^er  (table  7)  Avere  Avounds  of 
the  right  kidney,  colon,  stomach,  small  boAvel,  and  gallbladder.  On  the  left 
side,  the  spleen,  stomach,  and  colon  took  the  impact  of  most  missiles  entering 
on  that  side.  In  the  448  left-sided  Avounds,  the  spleen  Avas  injured  272  times, 
the  stomach  167  times,  and  the  colon  145  times. 

There  Avas  no  evidence  of  involA^ement  of  the  thoracic  duct  in  these  903 
cases.  The  assumption  is  that  casualties  Avith  such  injuries  seldom  surviA^ed 
long  enough  for  their  condition  to  be  recognized. 

Tension  pneumothorax  of  peritoneal  origin. — In  the  55  thoracoabdomi¬ 
nal  Avounds  encountered  by  Lt.  Col.  John  M.  Snyder,  MC,  and  Maj.  Frank 
Tropea,  Jr.,  MC,  24  of  wdiich  were  left-sided,  there  were  2  instances  of  tension 
pneumothorax  of  peritoneal  origin.  This  condition,  it  Avas  thought,  had  not 
preAdously  been  described.  In  each  instance,  the  Avound  of  entry  was  in  the 
lower  left  chest,  and  in  each,  there  was  a  large  perforation  of  the  anterior  Avail 
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FiGuitE  — Types  of  avoiuuIs  of  cliapliragm  possible  from  i)eiiel rating  or 
perforating  missiles.  A.  Tlirongli-and-tliroiigli  ayoiiikI  of  l()\^er  chest.  On 
inspiration,  the  wound  may  be  purely  thoracic*.  It.  Same  type  of  wound, 
which  may  be  thoracoabdominal  on  expiration.  C.  Thoracoal)domiiial 
wound  with,  as  usual,  missile  entering  chest  first.  D.  Thoracoabdominal 
wound  with  missile  entering  abdomen  first. 


of  tlie  stomach,  with  a  resultant  outpouring  of  a  large  amount  of  air  through 
the  lacerated  diaphragm.  In  the  first  case,  the  diagnosis  was  not  made,  and 
death  occurred  in  the  course  of  laparotom3^  In  the  second,  in  which  the  condi¬ 
tion  was  recognized  several  hours  after  the  patient  was  first  seen,  closed  drain¬ 
age  was  instituted,  and  recot  eiy  was  uneventful. 

Theoreticalhf,  there  seems  to  be  no  reason  why^  tension  pneumothorax  of 
peritoneal  origin  should  not  be  possible  under  the  circumstances  described. 
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Tapi.k  7.^ — Frequency  of  wounds  and  case  fatnlity  rale  in  003  ihoracoahdominal  wounds 
according  to  combinations  of  viscera 


Combinations  of  organs 


Liver  iilone - - -  - 

Liver  find  kidney _ 

Liver  and  stomach - - - - — 

Liver  and  small  intestine _ _ _ 

Liver  and  spleen _ 

Liver  and  right  colon _ _ 

Liver  and  left  colon _ 

Liver,  stomach,  and  colon _ _ 

Liver,  kidney,  and  right  colon - 

Liver,  stomach,  and  biliary  tract - 

Liver,  stomach,  and  spleen - 

Ijiver,  small  intestine,  and  left  colon 

Stomach  and  spleen _ 

Stomach,  spleen,  and  left  colon _ 

Stomach,  spleen,  and  kidnej^ _ 

Stomach,  spleen,  and  pancreas - 

Stomach  and  left  colon _ 

Stomach,  small  intestine,  and  colon. 

Stomach  and  kidney _ 

Spleen  alone _ 

Spleen  and  kidney _ _ 

Spleen  and  left  colon  _  _ _ _ _ 

Spleen,  kidney,  and  left  colon - 

Spleen  and  small  intestine _ 

Kidney  alone _ 

Left  colon  alone _ 

Left  colon  and  small  intestine _ 

Peritoneal  cavity  (penetration  only). 
All  other  combinations  t _ _ 


Cases 

Deaths 

C  ase 
fatality 
rate 

297 

35 

11.  7 

59 

14 

23.  7 

30 

11 

36.  G 

9 

1 

11.  1 

7 

3 

42.  8 

7 

4 

57.  1 

3 

1 

33.  3 

S 

5 

62.  G 

5 

4 

80.  0 

6 

4 

G6.  6 

n 

3 

27.  2 

6 

5 

83.  3 

43 

18 

41.  8 

s 

4 

50.  0 

9 

3 

33.  3 

3 

2 

GG.  6 

8 

2 

25.  0 

8 

2 

25.  0 

4 

1 

25.  0 

95 

10 

10.  5 

27 

4 

14.  8 

19 

4 

21.  0 

12 

6 

50.  0 

9 

0 

11 

4 

3G.  6 

18 

() 

33.  3 

C) 

O 

50,  0 

2(j 

O 

•> 

11.  5 

1 15 

73 

G3.  4 

Wlicn  five  organs  or  more  were  injured,  the  case  fatality  rate  was  100  percent. 


tliouii’li  before  autopsy  establislied  it  in  tlie  fatal  case,  some  doubt  bad  been  felt 
about  it.  A  tension  pneumothorax  of  peritoneal  origin  could  scarcely  occur  in 
a  thoracoabdominal  wound  on  the  rigid,  l)ut  the  possibility  of  what  might  be 
termed  an  internal  sucking  wound  could  reasonably  be  considered  on  tlie  left 
side.  In  tliis  variety  of  wound,  small  quantities  of  air  and  intestinal  contents 
could  be  aspirated  into  the  chest  during  the  act  of  respiration,  and  the  repeated 
aspiration  of  small  quantities  wordd  alter  the  intrapleural  pressure  and  lead  to 
pulmonary  collapse  unless  tb.e  sucking  was  promptly  corrected. 

During  the  laparotomy  for  a  left-sided  thoracoabdominal  wound,  an  injury 
that  originated  as  an  internal  sucking  wound  would  become  an  external  sucking 
wound  as  soon  as  tlie  peritonemn  was  opened.  Tliis  is  apparently  what  hap¬ 
pened  in  the  fat  al  case  in  this  series,  'Next  to  the  control  of  active  hemorrhage, 
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therefore,  closure  of  the  laceratecl  diaphragm  was  the  first  duty  of  the  surgeon 
who  ox^erated  on  a  thoracoabdominal  wound  through  a  lax)arotomy  incision. 
On  the  right,  the  liver  usually  sealed  off  the  diaphragmatic  wound. 

In  tlie  early  days  of  the  war,  many  lax:)arotomies  were  x:>erformed  without 
endotracheal  anesthesia,  and  as  a  result,  when  the  abdomen  was  ox^ened,  a  ten¬ 
sion  x)neumothorax  develox^ed  through  the  x:>erforation  in  the  diax^hragm.  This 
comx^lication  ceased  to  be  a  problem  after  endotracheal  anesthesia  was  in  gen¬ 
eral  use  and  surgeons  became  aware  of  the  x^ossibilities  of  tension  x^neumothorax 
of  this  origin. 


DIAGNOSIS 

In  general,  if  the  x)atient  had  a  single  wound  of  the  thorax  and  a  single 
wound  of  the  abdomen,  the  diagnosis  was  obviously  a  combined  thoracic-abdom¬ 
inal  wound.  If  both  wounds  were  in  the  abdomen,  there  was  little  x>ossibility 
of  diaphragmatic  mjury  unless  the  costal  cage  was  involved.  If  both  wounds 
were  thoracic  and  if  one  was  below  the  level  of  the  fourth  rib  anteriorly,  a 
thoracoabdominal  injury  might  or  might  not  be  x> resent. 

Since  not  more  than  10  percent  of  the  missiles  in  thoracoabdominal  wounds 
entered  the  body  via  the  abdomen,  the  chief  difficulty  from  the  diagnostic  stand¬ 
point  was  in  determining  the  presence  or  absence  of  abdominal  injury  in  a 
X)atient  Avith  a  known  thoracic  Avound,  in  every  one  of  AAdiich  x^enetration  of  the 
abdomen  had  to  be  considered  as  a  x^ossibility  until  the  injury  Avas  excluded. 
There  Avas  no  x>i’oblem  Avlien  roentgenologic  examination  shoAved  the  retained 
foreign  body  to  lie  aa  ithin  the  chest  or  sIioaa  ed  that  it  had  entered  the  abdomen. 
The  diagnostic  difficulties  Avere  x^osed  by  the  missiles  that  x>erf orated  the  chest 
in  the  so-called  diax^hragmatic  zone  or  penetrated  it  and  lodged  in  the  vicinity 
of  the  diax^hragm. 

Anatomic  and  Physiologic  Considerations 

The  most  x)t‘itctical  method  of  diagnosing  a  thoracoabdominal  aa  ound  Avas 
to  keex:>  constantly  in  mind  that  the  diaphragm  might  be  iiiAmlved  in  any  tho¬ 
racic  injury,  most  x'>^^i‘ticularly  in  any  injury  occurring  in  the  area  bounded 
superiorly  by  the  anterior  end  of  the  fourth  rib  and  posteriorly  by  the  level  of 
the  seventh  rib,  doAAui  to  and  including  the  tAvelftli  rib  at  its  inferior  level 
(%.  36). 

Both  xhiysiologic  and  anatomic  facts  had  to  be  borne  in  mind  in  making 
the  diagnosis.  It  could  be  assumed  that  the  x^leural  reflection  folloAvs,  Avith 
reasonable  accuracy,  the  outline  of  the  x^criphery  of  the  ribs  and  the  costal  carti¬ 
lages.  For  diagnostic  purposes,  the  thickness  of  the  diaphragm  could  be  ig¬ 
nored,  and  the  x^eritoneum  could  be  assumed  to  be  in  contact  Avith  the  diaphrag¬ 
matic  surfaces  of  the  pleura.  The  diaphragm,  liOAveA^er,  is  not  an  immobile 
structure  Avhich  forms  a  x^crfectly  horizontal  x>‘^rtition  betwx'en  the  chest  and 
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Fi(;tj]je  3C».— Schenuitic  showing  of  maxiiiuim  expiratory  excursion  of  diaphragm. 
Ill  deep  expiration  (a),  it  can  reach  as  high  as  the  superior  border  of  the  fourth 
rib  anteriorly.  Note  depth  of  costophrenic  sulcus  on  inspiration  (b)  draws  the 
diaphragm  down  to  the  sixth  rib. 


the  abdomen.  In  tliese  circumstances,  diagnosis  would  be  much  simpler.  In¬ 
stead,  tlie  variables  caused  by  its  uneven  configuration  and  the  distance  through 
which  it  can  move,  tremendously  increased  its  susceptibility  to  injury,  and,  in 
turn,  the  susceptibility  of  abdominal  organs  to  involvement  in  the  wound. 

Because  of  the  movement  of  the  diaphragm,  any  wound  of  the  entire  lower 
left  hemithorax  might  penetrate  the  division  between  the  thorax  and  the  ab¬ 
domen  (fig.  36).  Any  wound  beloAV  the  seventh  interspace  posteriorly  or  the 
fourth  ril^  anteriorly  might  injure  the  diaphragm  if  the  patient  was  in  the 
expiratory  phase  of  respiration  at  the  time.  Since  the  pleural  reflection  extends 
down  to  the  attachments  of  the  diaphragm  to  the  ribs  and  the  costal  arch,  any 
wound  at  the  level  of  the  twelfth  rib  or  above  posteriorly,  or  any  Avound  that 
iiwolved  the  costal  arch  or  aboAT  anteriorly,  had  to  be  consideied  a  possible 
thoracoabdominal  injury. 

If  the  range  of  motion  of  the  diaphragm  on  deep  inspiration  and  expira¬ 
tion  Avere  kept  in  mind,  the  cavities  and  organs  involved  in  a  Avound  of  the  chest 
might  reasonably  be  predicted  by  lining  up  the  Avounds  of  entrance  and  exit 
if  the  injury  Avere  perforating,  or  by  lining  up  the  Avound  of  entrance  Avith  the 
point  at  AAdiich  the  missile  Avas  lodged  Avithin  the  body  if  the  injury  Avere  pene¬ 
trating.  Any  missile,  therefore,  AAdiich  passed  through  the  area  extending  from 
the  level  of  the  tAA^elfth  rib  posteriorly  to  the  IbatI  of  the  fourth  rib  anteriorly 
might  or  might  not  have  entered  both  the  pleural  and  the  peritoneal  cavities. 
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Since  many  wounds  were  inflicted  while  the  soldiers  Avere  prone,  the  increase  in 
intra-abdominal  pressure  created  by  this  position  further  raised  the  upper  limits 
of  the  diaplirao-m. 

If  the  patient  aa^is  in  deep  expiration  at  the  time  of  Avoundino’,  the  dia¬ 
phragm,  Avith  tlie  spleen  and  stomach,  might  rise  higli  enough  into  the  thoracic 
caAuty  to  be  injured  by  a  missile  that  had  entered  the  chest  at  the  fourth 
interspace.  If  the  Avoimding  had  occurred  during  the  expiratory  phase  of 
respiration,  the  anatomic  position  of  the  AAmunds  in  the  chest  AAuiil  might  be 
quite  ceplialad  and  yet  there  niigbt  be  a  tear  in  the  diajdiragm  and  damage  to 
the  peritoneal  organs.  In  one  casualty,  for  instance,  in  AAdiom  the  AA^ound  of 
entrance  Avas  in  the  fourth  interspace  just  medial  to  tlie  left  nipple  and  the 
AA’ound  of  exit  aauis  in  the  seA^enth  interspace  in  the  left  midaxillary  line,  the 
diaphragm  aa^is  perforated  and  the  spleen  Avas  injured. 

Projection  of  Course  of  Missile 

The  most  reliable  and  most  helpful  information  in  thoracic  injuries  in 
AAdiicli  inA’OlA^ement  of  the  abdomen  aauis  not  eAudent  by  clinical  means  aa^is  ob¬ 
tained  by  projecting  the  probable  course  of  the  missile.  Eoentgenologic  exam¬ 
ination  Avas  therefore  essential  in  eA^ery  penetrating  Avound  of  the  chest,  no 
matter  hoAv  insignificant  it  might  seem,  if  only  because  the  location  of  the 
AA’ound  of  entrance  aa^is  occasionally  extremely  misleading  in  relation  to  the 
course  of  the  missile  AAuthin  the  body. 

Both  antero])osterior  and  lateral  films  AAxre  made,  AA'ith  OA’erexpo^aire  for 
both  abdomen  and  chest.  They  Avere  preferably  made  in  the  sitting  position. 
Patients  in  severe  shock,  Avho  could  not  tolerate  the  upright  position,  Avere 
examined  by  anteroposterior  exposures  made  in  the  prone  position. 

When  the  information  derived  from  films  in  tAvo  planes  Avas  correlated 
AA'ith  its  point  of  entrance,  the  course  of  the  missile  could  be  projected  and  a 
decision  made  concerning  the  possibility  of  intra-abdominal  damage. 

Missiles  tend  to  traA^el  in  a  straight  line  if  they  are  not  deflected.  The 
experience  of  most  surgeons  avIio  treated  large  numbers  of  Avar  Avounds  Avas, 
as  pointed  out  elseAvhere  (Ami.  I),  that  stories  of  missiles  AA'hich  entered  at  one 
point  and  caromed  around  at  a  tangent  before  making  their  exit  or  lodi>in<>-  at 
some  point  Avithin  the  body  Avere  the  exception.  There  Avere  occasional  in¬ 
stances  in  Avhich.  the  course  of  the  missile  Avas  bizarre  because  it  had  struck  a 
boiiA'  structure  tangentially,  but  these  injuries,  again,  AA'ere  exceptional.  iMany 
superficiallA''  bizarre  patliAvays  could  also  be  explained  by  iuA'estigation  of  the 
position  that  the  casualty  Avas  occupying  Avhen  he  Avas  injured.  Inquiry  on  this 
point  AA'as  made  Avhenever  the  patient  aa'us  sufficiently  oriented  to  furnish  the 
infoimation. 

On  the  other  hand,  an  occasional  thoracoabdominal  injury  diagnosed  for 
the  first  time  at  a  general  hospital  made  it  clear  that  exceptions  to  these  general¬ 
izations  sometimes  ocauirred.  In  one  sucli  injury,  rei)orted  by  Lt.  Col.  John 
Burke,  MC,  and  Maj.  Theodore  T.  Jacobs,  MC,  for  instance,  a  aa'ouikI  of 
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entrance  in  the  region  of  the  right  scapula  and  a  wound  of  exit  in  the  right 
groin  were  considered  to  be  individual  wounds.  They  proved  to  be  from  the 
same  missile.  Fortunately,  the  delay  in  operation  was  not  attended  with 
serious  consequences. 

Clinical  Considerations 

Part  of  the  diagnostic  confusion  in  some  thoracoabdominal  Avounds  Avas 
caused  by  the  oA^ershadoAving  of  symptoms  and  signs  referable  to  the  abdominal 
injury  by  the  more  urgent  symptoms  and  signs  of  the  chest  injury.  The  tho¬ 
racic  component  of  the  injury  could  give  rise  to  pain  in  the  chest  Avail,  hemopty¬ 
sis,  hemothorax  or  hemopneumothorax,  dyspnea,  cyanosis,  and  Avet  lung. 

Since  thoracic  Avounds  that  did  not  involve  the  abdomen  Avere  frequently 
associated  Avith  pain  and  sjnism  of  the  upper  abdomen  (vol.  I) ,  these  phenomena 
did  not  furnish  a  reliable  indication  of  abdominal  injury.  Abdominal  tender* 
ness  and  rigidity  Avere  also  often  present;  in  such  cases,  a  useful  ditferenfial 
point  Avas  that  deep  tenderness  and  rebound  tenderness  Avere  never  elicited  in 
chest  Avoimds.  If  time  could  be  spared,  a  dilTerential  diagnosis  Avas  sometimes 
clarified  b}"  paraAnrtebral  or  intercostal  block.  The  results  Avere  not  ahvays 
conclusiA^e,  but  Avhen  there  Avas  prompt  relief  of  pain,  abdominal  inAmlA^ement 
could  usually  be  excluded.  Pain  in  the  shoulder  Avas  not  a  uniA^ersal  symptom. 
When  it  Avas  present,  it  pointed  to  an  injury  of  the  diaphragm. 

Although  nausea  and  vomiting  sometimes  occurred  in  thoracic  injuries, 
they  Avere  not  common,  and  their  presence  lent  strength  to  the  possibility  of 
abdominal  inAmlA^ement.  The  demonstration  of  actiAT.  peristalsis  suggested 
that  if  abdominal  injury  had  occurred,  a  holloAv  viscus  Avas  not  involved. 
Most  surgeons,  hoAvever,  could  recall  casualties  in  Avhom  peristalsis  had  been 
observed  eA^en  Avith  Avoimds  of  the  colon.  Pei’istalsis  frequently  persisted  Avhen 
the  injury  Avas  limited  to  the  spleen,  lAer,  or  kidney.  Wounds  of  all  of  these 
organs  Avere  associated  Avith  a  paucity  of  symptoms  and  signs  referable  to  the 
abdomen. 

If  a  hollow  Auscus  Avas  injured,  prompt  surgery  Avas  imperative,  but  it  Avas 
important  to  remember  that  injuries  of  solid  Auscera  could  also  be  extremely 
serious.  A  casualty  might  bleed  to  death  from  a  damaged  spleen,  or  graA’e  or 
eA^en  fatal  bile  empyema  might  be  the  consequence  of  an  overlooked  Avound  of 
the  liver. 

Other  Diagnostic  Aids 

The  presence  of  blood  in  gastric  contents,  AA^hether  vomited  or  aspii’ated, 
Avas  suggestiA^e  of  abdominal  injury,  though  it  Avas  not  conclusiA^e,  since  it  might 
haA^e  originated  from  a  Avound  of  the  lung. 

Examination  of  a  voided  or  catheterized  specimen  of  urine  Avas  part  of  the 
diagnostic  routine.  The  absence  of  blood  in  the  nrine  Avas  not  conclusive,  but 
its  i)resence  furnished  valuable  information  as  to  the  course  of  the  missile  in 
relation  to  the  urinary  tract. 
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Such  diagnostic  refinements  as  pneumoperitoneuin  were  not  practical  in 
forward  hospitals. 


EXPLORATION 


Indications 

The  final  diagnosis  of  a  thoracoabdominal  Avonnd  was  based  on  the 
following  considerations : 

1 .  Insj) ec t  i  on  o f  the  woim d  o r  wonn ds . 

2.  The  projection  of  the  suspected  course  of  the  missile  from  the  wounds 
of  entrance  and  exit  if  the  injury  were  perforating  or  from  roentgenologic 
localization  of  its  position  if  the  injury  were  penetrating. 

o.  Such  information  as  could  be  obtained  from  the  history  and  from  the 
general  clinical  picture. 

If  a  positive  diagnosis  of  a  thoracoabdominal  wound  could  not  be  made 
with  reasonable  promptness  and  the  suspicion  persisted  that  the  diaphragm 
might  have  been,  perforated,  prompt  exploration  was  the  rule.  A  positive 
preo]>eratiA^e  diagnosis  was  naturally  desirable,  but  if  it  coidd  not  be  made,  a 
reasonable  suspicion  that  such  an  injury  existed  was  sufficient  indication  for 
exploration.  In  many  instances,  a  somewhat  enlarged  traumatic  thoracotomy 
provided  adequate  exposure  to  determine  whether  or  not  the  diaphragm  had 
been  perforated. 

The  only  suspected  thoracoabdominal  injuries  in  which  exploration  was 
not  regarded  as  mandatory  were  minor  penetrations  of  the  liver.  If  a  foreign 
body  was  only  2  or  ?>  mm.  in  diameter,  and  if  roentgenologic  examination  made 
it  unmistakably  clear  that  it  lay  entirely  within  the  liver,  expectant  treat¬ 
ment  was  considered  permissible  in  certain  selected  cases.  Not  more  than  1 
percent  of  all  thoracoabdominal  injuries  fell  into  this  category,  and  many  sur¬ 
geons  considered  the  risk  of  biliary  empyema  too  considerable  to  warrant  ex¬ 
pectant  treatment  in  any  case  at  all.  Whenever  the  foreign  body  was  over 
3  mm.  in  diameter,  regardless  of  its  location,  it  was  always  best  to  determine 
surgically  the  exact  damage  that  had  occurred. 


Negative  Explorations 

A  rather  large  number  of  exploratory  thoracotomies  had  to  be  performed 
because  of  the  difficulty  of  making  an  accurate  diagnosis  of  Avounds  around  the 
diaphragmatic  sulci.  For  this  and  other  reasons,  a  significant  number  of  nega- 
tiA^e  explorations  AAnre  carried  out  in  all  field  hospitals.  In  the  2,207  j^ene- 
trating  and  perforating  Avounds  of  the  chest  cared  for  by  thoracic  surgeons  of 
the  2d  Auxiliary  Surgical  Group,  there  Avere  903  proved  thoracoabdominal 
injuries,  almost  40  percent.  Teams  from  this  group,  hoAvever,  performed  122 
exploratory  thoracotomies  in  Avhich  no  abdominal  involvement  had  occurred. 
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These  122  negative  explorations  represent  28  percent  of  all  thoracotomies  clone 
by  these  teams  in  forward  hospitals. 

To  surgeons  without  experience  in  combat  wounds,  this  figure  may  appear 
high.  It  is  certainly  high  compared  with  the  41  explorations  (1.3  percent) 
performed  by  surgical  teams  of  the  group  in  3,154  abdominal  wounds  in  which 
no  intraperitoneal  damage  of  any  consequence  was  found  (1).  On  the  other 
hand,  it  is  significant  that  well  over  half  of  these  41  negative  exiolorations  (28) 
were  in  thoracoabdominal  wounds.  In  these  28  explorations,  as  in  the  122 
negative  explorations  performed  for  suspected  thoracoabdominal  wounds  in 
this  series  of  thoracic  injuries,  the  indication  was  the  same:  Injuries  of  the 
abdominal  Auscera  are  so  highly  lethal  if  they  are  not  treated  surgically  that 
no  chance  of  overlooking  them  could  be  taken. 

A  practical  consideration  in  the  diagnosis  of  thoracoabdominal  Avounds 
Avas  the  echelon  of  medical  care  in  AAdiich  surgery  Avas  done.  Casualties  Avith 
thoracoabdominal  Avounds  in  Avhich  the  diagnosis  Avas  clear  cut  Avere  not  trans¬ 
porta  l)le;  surgery  Avas  done  in  field  hospitals.  Casualties  in  AA'hom  thoracoab¬ 
dominal  Avounds  Avere  suspected  also  had  to  be  cared  for  in  field  hospitals. 
Exploration  could  not  be  delayed  until  they  reached  an  eAaicuation  hospital.^ 
If  an  abdominal  injury  Avere  positively  excluded,  surgery  for  the  chest  injury 
could  usually  be  deferred  until  an  cA^acuation  hospital  Avas  reached.  Unneces¬ 
sary  exploration  put  an  added  strain  on  the  space,  facilities,  and  personnel  of 
the  field  hospital,  but  it  could  not  be  omitted  in  any  doubtful  case. 


RESUSCITATION  AND  PREOPERATIVE  PREPARATION 
General  Considerations 

Certain  concessions  to  the  realities  of  the  situation  had  to  be  made  in  the 
resuscitation  and  preoperatiA^e  preparation  of  casualties  AAuth  thoracoabdomi¬ 
nal  injuries.  The  exigencies  of  the  abdominal  emergency  Avere  sometimes  met 
at  the  expense  of  the  most  ideal  preparation  of  the  casualty  from  the  point 
of  AueAv  of  cardiorespiratory  stabilization. 

From  the  standpoint  of  pure  tlioracic  injuries,  the  length  of  time  re¬ 
quired,  Avitliin  reasonable  limits,  to  restore  thoracic  casualties  to  as  nearly 
normal  status  as  possible  before  operation  Avas  not  of  primary  importance. 
If  the  injury  Avas  limited  to  the  thorax,  the  casualty  frequently  Avas  benefited 
by  a  short  period  of  stabilization  after  cardiorespiratory  abnormalities  had 
been  corrected  and  shock  controlled. 

In  casualties  Avitli  thoracoabdominal  Avounds,  the  situation  Avas  entirely 
different.  Time  Avas  of  great  importance.  They  had  to  be  resuscitated  as 
expeditiously  as  possible  and  operated  on  as  soon  as  it  Avas  thought  that  they 


-  In  certain  military  sitnations,  evacuation  hospitals  served  as  the  most  forward  hospitals  in  the 
area  and  acted  in  the  capacity  of  field  hospitals.  In  these  circumstances,  they  operated  on  all  non¬ 
transportable  casualties. 
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could  tolerate  surgery.  If  a  patient  continued  to  liave  a  low  blood  pressure, 
rapid  pidse,  and  associated  signs  of  shock  after  correction  of  the  disordered 
thorticic  physiology,  supplemented  by  adequate  replacement  therapy,  imme¬ 
diate  surgery  was  indicated.  Many  patients  ^yl\o  presented  such  a  picture 
were  found  at  o2)eration  to  be  bleeding  seriously  or  to  have  massive  pleural  or 
peritoneal  contamination  from  a  perforated  stomach  or  intestine.  Their  con¬ 
dition  was  frankly  dangerous  with  immediate  surgery,  but  entirely  hopeless 
without  it. 

Patients  with  thoracoabdominal  injuries  were  examined  in  the  shock  tent 
to  determine  their  status  in  respect  to  shock  and  their  cardiorespiratory  status 
as  manifested  by  respiratory  restriction  due  to  pain,  embarrassment  of  respira¬ 
tion  by  hemothorax  or  pneumothorax,  cyanosis,  and  excessive  accumulations 
of  blood  and  mucus  in  the  tracheol)ronchial  tree.  In  OGO  thoracoabdominal 
injuries  in  the  2d  Auxiliary  Surgical  Group  records  in  which  information  is 
availa])le  on  this  point,  145  patients  were  not  in  shock  but  75  were  in  mild 
shock,  174  were  in  moderate  shock,  and  275  were  in  severe  shock. 

Routine  of  Resuscitation 

When  thoracoabdominal  casualties  were  received  in  the  field  hospital  from 
the  division  clearing  station,  measures  to  combat  shock  and  maintain  respira¬ 
tory  equilibrium  would  already  have  been  instituted.  Sucking  wounds  of  the 
chest  would  have  been  closed  by  occlusive  dressings.  Pain  would  have  been 
relieved  by  mor])hine  if  it  was  indicated,  or  by  intercostal  nerve  block.  Plasma 
transfusions  would  also  luiA^e  been  given  as  necessary.  The  2d  Auxiliary  Sur¬ 
gical  Group  records  in  Avhich  information  is  available  on  this  point  sIioav  that 
144  casualties  had  received  no  plasma,  but  455  had  receiAXHl  an  average  of  525 
cc.  each. 

The  records  also  indicate  that  while  (iO  casualties  received  no  blood  in 
the  shock  tent,  (ill)  had  an  average  of  1,100  cc.  each.  It  is  known  that  252 
casualties  received  no  plasma  in  the  shock  tent  and  that  408  receiA’ed  an  aA^er- 
age  of  500  cc.  each.  The  usual  practice  Avas  to  begin  the  administration  of 
plasma  in  the  shock  tent  Avhile  Avaiting  for  blood  to  be  crossmatched. 

While  plasma  and  blood  Avere  being  administered,  measures  Avere  insti¬ 
tuted  to  correct  the  disordered  cardiorespiratory  physiology,  including  the 
administration  of  oxygen  through  a  luisal  catheter  or  mask  (vol.  I)  ;  intercostal 
nerve  block  if  it  had  not  al ready  been  carried  out  (vol.  I)  ;  aspiration  of  air 
and  blood  from  the  ])leural  caA'ity  (a^oI.  I)  ;  and  catheter  or  bronchoscopic 
as])iration  of  the  tracheobronchial  tree  (p.  227).  As  a  rule,  the  effect  of  these 
measures  upon  the  cardiorespiratory  imbalance  and  on  the  state  of  shock  to 
AAdiich  it  Avas  contributing  Avas  most  gratifying. 

As  pointed  out  already  (a-oI.  I),  a  patient  Avith  a  thoracic  injury  had  to 
be  treated  judiciously  in  respect  to  replacement  therapy  because  of  the  grave 
danger  of  oA^erloading  the  already  damaged  cardiorespiratory  system  and  pre- 
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cipilatinc  pulmonary  edema.  The  same  precautions  had  to  be  observed  in 
thoracoabdominal  injuries.  Ilov’ever  much  the  casualty  mii>ht  need  blood 
from  the  standpoint  of  the  abdominal  component  of  his  Avound,  there  was  seri¬ 
ous  risk  from  the  standpoint  of  the  thoracic  component  in  giving-  large  amounts 
and  in  giving  them  too  rapidly. 

An  important  step  in  preoperative  management  Avas  the  introduction  of 
a  Le\'in  tube,  to  aspirate  the  gastric  contents  and  thus  eliminate  the  risk  of 
vomiting  during  surgery  ( vol.  I) . 

It  Avas  a  general  policy  to  transport  the  patient  from  the  shock  tent  to 
the  operating  table  on.  the  litter  on  Avhich  he  had  been  placed  originally,  to 
operate  on  him  on  the  same  litter,  and  to  iuoat  him  to  the  recoATry  tent,  on  it. 
Casualties  Avith  abdominal  and  thoracoabdominal  Avounds,  particularly  those 
AA'ho  had  been  in  serious  shock,  did  not  tolerate  moA'ement  Avell,  and  this  plan 
eliminated  it  Avhile  at  the  same  time  saAung  the  time  and  ellort  of  busy 
personnel. 

Priority  of  Surgery 

Unless  severe  intra-abdominal  hemorrhage,  AAdiich  Avas  not  usual,  de¬ 
manded  priority  of  treatment,  the  necessary  intrathoracic  surgery  took  ]:)rece- 
dence  of  the  abdominal  surgery.  The  importance  of  this  sequence  is  evident 
in  15  deaths  analyzed  by  Maj.  (later  Col.)  PIoAvard  E.  Snyder,  MC,  Consultant 
in  Surgery,  Fiftii  U.S.  Army  (2).  In  only  one  of  seven  cases  in  which  lapa¬ 
rotomy  preceded  chest  surgery  Avas  there  any  indication  for  performing  it 
first,  and  there  seemed  no  doubt  that  the  luiAvise  order  of  precedence  played 
a  part  in  more  than  one  of  tlie  fatalities. 


ANESTHESIA 

The  anesthesia  of  choice  in  thoracoabdominal  AA^ounds  Avas  endotracheal 
ether  and  oxygen  in  a  closed  circuit,  AAuth  induction  by  nitrous  oxide  and 
oxygen.  In  a  small  number  of  cases,  Pentothal  sodium  (thiopental  sodium) 
Avas  used  for  this  purpose.  In  1942  and  part  of  1943,  open  drop  ether  Avas  used 
in  many  operations  because  of  the  limited  number  of  anesthetic  machines. 
This  technique  Avas  discarded  as  soon  as  these  machines  became  generally 
aA"ailablc. 

It  Avas  impossible  to  overemphasize  the  value  of  endotracheal  anesthesia 
in  thoracoabdominal  surgery  or  of  the  services  of  an  expert  anesthesiologist. 
Such  an  anesthesiologist  appreciated  the  value  of  frequent  and  thorough  aspira¬ 
tion  per  catheter  of  the  tracheobronchial  tree  throughout  the  operation;  of 
bronchoscopy  in  selected  cases  at  the  end  of  operation;  of  replacement  therapy 
during  operation ;  and  of  positive  pressure  anesthesia  AAdien  the  thoracic  cavity 
Avas  open  as  Avell  as  during  closure  of  the  chest,  AAdien  reexpansion  of  the  lung  Avas 
necessary. 
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Eeplacement  therapy  was  carried  out  during  surgery,  the  use  of  whole  blood, 
plasma,  or  glucose  or  physiologic  salt  solution  depending  upon  the  needs  of  the 
individual  patient.  The  records  of  the  2d  Auxiliary  Surgical  Group  that  are 
complete  in  this  respect  show  that  116  patients  required  no  fluids  on  the  operat¬ 
ing  table,  639  had  an  average  of  1,000  cc.  each  of  blood,  166  an  average  of  575 
cc.  each  of  plasma,  and  78  an  average  of  1,000  cc.  each  of  5  percent  glucose  in 
physiologic  salt  solution  in  addition  to  the  plasma  and  blood  they  received. 

The  casualties  operated  on  by  teams  of  the  2d  Auxiliary  Surgical  Group 
were  kept  under  anesthesia  on  an  average  of  2%  hours. 

SURGICAL  APPROACH 
General  Considerations 

At  the  beginning  of  the  fighting  in  North  Africa,  it  was  generally  thought 
that  the  transdiapliragmatic  approach  to  the  abdominal  component  of  thoraco¬ 
abdominal  wounds  would  be  of  only  limited  usefulness.  At  that  time,  and  to  a 
certain  extent  throughout  the  war,  the  decision  as  to  the  surgical  approach 
depended  not  only  upon  the  findings  in  the  particular  case  but  also  upon  the 
preference  of  the  surgeon  for  the  abdominal  or  thoracic  approach.  This 
preference  usually  depended,  in  turn,  upon  his  experience,  or  lack  of  experience, 
in  chest  surgery.  The  experienced  chest  surgeon  was  able  to  select  the  single 
approach  or  the  combined  approach  which  best  met  the  needs  of  the  patient. 
Surgeons  not  widely  versed  in  thoracic  surgery  found  it  safer  to  repair  the 
intraperitoneal  damage  through  a  laparotomy  incision  after  handling  the 
thoracic  damage  and  closing  the  diaphragm  through  the  chest. 

By  the  end  of  the  war,  it  was  the  opinion  in  the  Mediterranean  theater — 
an  opinion  shared  by  the  more  experienced  of  the  thoracic  surgeons  in  the 
European  tlieater — that  whenever  it  was  practical,  thoracotomy  with  trans- 
diaphragmatic  repair  of  all  accessible  abdominal  injuries  was  infinitely  the 
procedure  of  choice.  If  total  repair  was  not  possible  by  tlie  transthoracic  ap¬ 
proach,  the  best  plan  in  left-sided  wounds  was  to  correct  the  intrathoracic 
damage,  care  for  any  damage  readily  accessible  in  the  left  upper  quadrant  of 
the  abdomen,  close  tlie  diaplYragm,  reexpand  the  lung,  close  the  chest  wall 
tightly,  and  then  proceed  with  tlie  repair  of  intraperitoneal  injuries  not  accessi¬ 
ble  through  the  diaphragm.  The  same  general  principle  was  applicable  to 
wounds  of  the  upper  right  quadrant  of  the  abdomen,  but  the  extent  of  surgery 
possible  in  this  quadrant  was,  for  anatomic  reasons,  much  less  than  on  the 
left  side. 

When  the  thoracic  and  abdominal  wounds  were  separate,  transdiaphrag- 
matic  surgery  was  not  indicated  because  it  subjected  the  pleura  to  contamination 
which  did  not  already  exist.  In  these  cases,  the  chest  wound  was  given  pri¬ 
ority  unless  profuse  intra-abdominal  bleeding  or  massive  evisceration  made 
laparotomy  necessary  as  the  primary  procedure. 
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Advantages  and  Disadvantages  of  the  Transthoracic  Approach 

Xo  hard-and-fast  rule,  covering  all  casnalties,  could  be  laid  down  for  the 
approach  to  a  thoracoabdominal  wound.  There  were  advantages  and  dis¬ 
advantages  to  both  the  thoracic  and  the  abdominal  approaches,  and  each 
casualty  had  to  be  individualized. 

In  favor  of  the  transthoracic  approach  were  the  following  arguments : 

1.  If  there  Avas  extensive  thoracic  damage,  the  chest  injuries  could  not  be 
repaired  from  below  the  diaphragm. 

2.  Certain  AAmimds  of  the  upper  abdomen  Avere  more  easily  handled  through 
tlie  diaphragm  than  through  a  laparotomy  incision.  These  included  Avounds 
of  the  spleen,  the  dome  of  the  liver,  both  kidneys,  the  upper  portion  of  the 
stomach  (especially  if  the  posterior  surface  Avas  injured),  and  the  splenic  flexure 
of  the  colon.  There  Avas  real  danger  of  OA^erlooking  Avounds  of  the  posterior 
Avail  of  the  stomach  and  of  the  retroperitoneal  x)ortion  of  the  splenic  flexure, 
as  Avell  as  Avounds  of  certain  areas  of  the  spleen,  AAdien  the  approach  Avas  by 
laparotom}^ 

3.  Injuries  of  the  diaphragm,  AAdiether  on  the  right  or  the  left  side,  espe¬ 
cially  if  they  AA^ere  extensiA^e,  AA^ere  more  readily  repaired  transthoracically. 
If  the  AAmund  Avas  small,  it  could  as  Avell  be  repaired  from  beloAv  as  from  aboA^e. 
Injuries  OA^er  the  dome  of  the  liver,  hoAvever,  as  Avell  as  such  large  defects  as 
resulted  from  tearing  of  the  diaphragm  from  the  costal  margin,  especially 
posteriorly,  Avere  much  more  readily  repaired  from  above. 

4.  The  transthoracic  approach  permitted  exteriorization  of  the  transverse 
or  splenic  flexure  of  the  colon  through  a  subcostal  gridiron  incision  at  a  greater 
distance  from  the  surgical  incision  than  Avas  possible  if  laparotomy  had  been 
done.  Wound  infection  Avas  thus  reduced  to  a  minimum. 

5.  If  considerable  pleural  contamination  had  occurred  from  spillage  of 
gastric  or  intestinal  contents,  it  could  be  reduced  by  copious  pleural  lavage  Avith 
physiologic  salt  solution,  a  procedure  possible  only  through  the  chest. 

6.  There  Avas  no  validity  to  the  objection,  sometimes  raised,  tliat  Avounds 
of  the  gastrointestinal  tract  should  not  be  dealt  with  through  the  chest  because 
infection  of  the  pleural  cavity  might  result.  For  one  thing,  considerable 
damage  to  the  intrathoracic  organs  might  exist  Avithout  being  evident  before 
the  chest  Avas  explored.  For  another,  potential  infection  existed  Avhenever  the 
diaphragm  had  been  iDerf orated  by  the  missile.  If  holloAv  organs  in  the  ab¬ 
domen  had  been  ]3erforated,  feces  and  gastric  contents  had  been  sucked  into  the 
pleural  cavity  before  the  surgeon  ever  saAV  the  casualty. 

7.  If  the  chest  Avas  long  and  narroAv,  Avitli  an  acute  angle  at  the  costal  arch, 
subdiaphragmatic  repair  Avas  often  technically  very  difficult. 

8.  Blockage  of  the  intercostal  nerves,  for  anatomic  reasons,  Avas  much 
easier  when  the  transthoracic  approach  Avas  used.  These  iierA^es  lie  underneath 
the  ribs  and  course  doAviiAvard  diagonally  to  supply  the  upper  abdomen.  When 
they  Avere  blocked  at  operation,  both  thoracic  and  abdominal  pain  Avas  de¬ 
creased.  As  a  result,  after  operation,  the  patient  coughed  willingly,  and  as 
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a  further  result,  the  lungs  were  more  adequately  aerated  and  bronchial  secre¬ 
tions  were  raised  more  completely. 

!).  Since  abdominal  relaxation  was  not  necessary  n-hen  the  transthoracic 
approach  was  used,  the  2)atient  could  be  carried  in  a  lighter  2>lane  of  anesthesia. 

10.  If  the  transthoracic  approach  revealed  intra-ahdominal  injuries  that 
could  not  be  re|)aired  from  above,  it  was  a  simple  matter  to  i^erform  the  neces¬ 
sary  chest  surgery,  close  the  diaphragm  and  chest  wall,  and  then  perform  the 
necessary  intraperitoneal  surgery  through  a  separate  laparotomy  incision.  As 
already  emphasized  (p.  113),  in  the  absence  of  compelling  reasons  for  reversing 
the  Older,  chest  surgery  was  always  clone  first,  in  oi'der  to  restore  normal 
cardiorespiratory  conditions  as  promptly  as  possible. 

Against  these,  multijile  advantages  of  the  transthoracic  ajijiroach  were  the 
following  arguments  for  repair  of  intraperitoneal  damage  through  a  laparotomy 
incision : 

1.  Certain  wounds  of  (he  .small  bowel  and  colon  could  not  be  exposed  ade¬ 
quately  through  the  diajihragm  and  had  to  be  rejiaired  by  lajiarotomy.  These 
included  wounds  of  the  terminal  18  inches  of  the  small  intestine  and  all  wounds 
of  the  colon  except  wounds  of  the  transverse  portion,  the  splenic  flexure,  and 
the  jn'oximal  jiortion  of  the  descending  colon. 

•i.  When  thoracic  damage  was  minimal,  an  abdominal  approach  avoided 
unnecessaiv  entrance  into  the  pleural  cavity.  This  was  not  a  .sound  argument. 
When  the  abdomen  was  opened,  all  but  the  most  minimal  perforations  of  the 
diajrhragm  constituted,  in  effect,  sucking  wounds,  which  carried  all  the  risks 
ot  sucking  wounds  of  the  chest  wall  (j).  105).  Not  infreqiientl3^,  patients  de¬ 
veloped  pulmonary  embarrassment  while  the  abdominal  I'epair  was  in  process 
because  of  aspiration  of  air  into  the  chest  through  the  diaphragmatic  opening. 
If  the  situation  was  unrecognized  and  uncorrected,  serious  results  could  follow, 
including  aspiration  into  the  pleural  cavity  of  intestinal  and  gastric  contents 
free  in  the  peritoneal  cavity.  If  the  abdominal  approach  was  used,  repair  of 
the  diaphragm  was  necessarily  the  first  step  of  the  procedure,  to  avoid  these 
dangers,  instead  of  the  last  before  wound  closure,  as  in  the  transthoracic 
approach. 

INCISION 

Four  types  of  incisions,  in  addition  to  separate  thoracic  and  abdominal 
incisions,  were  emjilojmd  in  thoracoabdominal  wounds : 

1.  Limited  thoracotomy,  accomplished  by  an  extension  of  the  original 
round  (traumatic  thoracotomy^).  This  was  often  a  satisfactory  incision  when 
injuries  were  confined  to  the  chest.  It  was  not  usually  satisfactory  in  thora¬ 
coabdominal  wounds  unless  the  original  injury  in  the  chest  wall  was  large 
enough  to  supply  adequate  exposure,  which  was  essential  for  exploration  of  the 
upper  abdomen  and  repair  of  damaged  intra-abdominal  viscera.  If  the  orig¬ 
inal  wound  was  below  the  tenth  rib,  and  especially  if  the  missile  had  gone 
through,  the  eleventh  or  the  twelfth  rib,  traumatic  thoracotomv  was  entirely 
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impractical.  Even  resection  of  one  or  more  ribs  did  not  provide  satisfactory 
space  for  maneuvers.  Wide  exj^osure  was  essential.  If  there  was  any  reason 
for  inspection  of  the  interior  of  the  thorax,  there  was  every  reason  for  adequate 
investigation. 

2.  Thoracotomy  in  the  area  of  the  original  wound. 

3.  Thoracotomy  outside  the  area  of  the  original  Avound.  The  majority  of 
thoracotomies  fell  into  either  this  group  or  the  second  group.  The  formal 
approach  Avas  usually  posterolateral  and  usually  through  the  ninth  intercostal 
space  or  the  bed  of  the  ninth  rib.  Injuries  of  the  mid  or  anterior  portions  of 
tlie  diapliragm  Avere  often  approached  through  the  eighth  interspace  or  the  bed 
of  the  eightli  rib.  A  small  number  of  thoracotomies  Avere  performed  laterally, 
in  the  region  of  the  sixth  or  seAenth  ribs,  more  often  through  the  intercostal 
spaces  tlian  through  the  bed  of  the  ribs.  It  Avas  ahvays  best,  if  it  Avas  anatom¬ 
ically  feasible  for  good  exposure,  to  resect  a  rib  that  AA^as  not  inv^oh^ed  in  the 
Avound  of  entrance  or  exit,  in  order  to  reduce  the  chances  of  postoperative 
Avound  infection  Avith  inAmh^ement  of  the  diaphragm. 

4.  Thoracolaparotomy,  an  incision  in  Avhicli  the  tlioracic  incision  Avas  ex¬ 
tended  through  tlie  costal  arch  onto  the  abdomen.  Tliis  Avas  not  a  popular 
incision  because  of  the  resulting  instability  of  the  chest  Avail  and  the  increased 
morbidity  if  infection  occurred  in  the  costal  cartilages.  It  Avas  used  only  six 
times  in  the  903  thoracoabdominal  Avounds  cared  for  by  the  2d  Auxiliary 
Surgical  Group.  In  tAvo  of  these  injuries,  the  rib  margins  had  been  destroyed 
bA^  the  original  Avounds,  and  this  approach  Avas  used  as  a  matter  of  expediency. 
In  one  of  the  four  other  cases,  in  all  of  Avhicli  the  incision  Avas  elective,  the 
Avound  broke  doAAm  and  the  resulting  infection  Avas  fatal.  Most  chest  surgeons 
believed  there  Avas  nothing  to  be  said  in  favor  of  this  approach  as  an  elective 
procedure.^ 


TECHNIQUE 

Management  of  the  Thoracic  Component 

The  thoracic  component  of  the  thoracoabdominal  Avound  Avas  treated  in 
much  the  same  manner  as  if  it  Avere  the  only  Avound.  The  principal  difference 
Avas  that,  because  of  the  abdominal  element  and  the  transthoracic  approach, 
many  chest  Avounds  Avere  treated  by  thoracotomy  in  field  hospitals  that  other- 
Avise  Avould  liaA^e  been  treated  in  eAUicuation  hos2:>itals  and  only  b}^  debridement 
and  thoracentesis.  Once  the  thoracic  cavity  Avas  entered,  there  Avould  have 
been  no  point  to  not  removing  intrapul monary  foreign  bodies  and  bone  frag¬ 
ments,  though  a  prolonged  search  for  small  missiles  Avas  not  Avarranted.  Pul¬ 
monary  lacerations  of  more  than  4  or  5  cm.,  as  Avell  as  any  lacerations  Avhich 
demonstrably  leaked  air,  Avere  repaired  Avith  interrupted  sutures. 


^  Tho  I011.1;  vortical  abclominal  incision  introduced  by  Duval  in  AA'orld  War  I  docs  not  seem  to  have 
been  emidoyed  in  AA^orld  AAbir  II.  It  was  used  by  AAbingcnsteen  after  AAV)rld  AA'ar  I,  and  it  was  em¬ 
ployed  by  Norwegian  surgeons  in  a  forward  hospital  during  the  Korean  AA'ar. — F.  B.  B. 
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Management  of  the  Abdominal  Component 

Standard  practices  were  also  followed  in  the  nianagemeiit  of  the  abdominal 
component  of  the  wound.  In  brief,  wounds  of  the  stomach  were  sutured. 
Wounds  of  the  small  intestine  were  treated  by  suture  or  by  resection  and 
anastomosis,  according  to  the  indications.  Wounds  of  the  colon  were  exterior¬ 
ized  or  managed  by  colostomy.  Wounds  of  the  spleen  were  treated  by  sple¬ 
nectomy.  Wounds  of  the  pancreas  Avere  treated  by  suture  and  drainage  or  by 
drainage  alone.  Wounds  of  the  kidney  Avere  preferably  treated  by  drainage; 
nephrectomy  AA^as  performed  only  Avhen  the  pelvis  AA^as  definitely  involved  or 
Avhen  hemorrhage  Avas  intractable.  The  management  of  all  of  these  AAmunds 
is  described  in  detail  in  the  Amlume  on  general  surgery  devoted  to  abdominal 
injuries  (i). 

Wounds  of  the  liver.— -Wounds  of  the  liver  require  special  mention.  Even 
if  only  a  small  fragment  had  penetrated  the  liver  substance,  it  Avas  conserva¬ 
tive  management  to  explore  the  Avound,  since  it  Avas  not  possible  to  determine 
from  t]ie  size  of  the  missile  the  precise  site  of  the  diaphragmatic  laceration  or 
the  extent  of  hepatic  damage.  In  some  instances,  particularly  Avhen  a  rib  had 
been  fragmented,  a  surprising  amount  of  diaphragmatic  and  hepatic  damage 
was  caused  by  the  passage  of  a  small  missile. 

Experience  in  World  War  II  soon  shoAved  that  any  Avoimd  of  the  liver  that 
Avarranted  exploration  also  required  drainage.  A  Avound  too  small  to  demand 
drainage  Avas  almost  never  encountered.  It  is  quite  true  that  bile  did  not  drain 
after  operation  in  some  cases,  but  there  Avere  no  criteria  by  Avhich  the  injuries 
in  Avhich  this  Avould  happen  could  be  identified  at  operation.  The  size  of  the 
missile  was  not  the  deciding  factor.  If  a  small  missile  cut  across  a  main  bile 
passage,  drainage  Avas  more  profuse  than  it  might  be  after  a  more  superficial 
hepatic  Avound  of  greater  extent.  The  larger  bile  radicles  Avere  frequently  in- 
Amlved  in  Avounds  that  looked  innocent. 

If  drainage  Avas  omitted  and  infection  developed,  the  resulting  draining 
sinus  often  took  Aveeks  to  close.  In  other  cases,  the  diaphragmatic  repair  broke 
doAvn,  particularly  if  the  perforation  Avas  over  the  bare  area  of  the  liver  over 
Avhicli  there  is  no  peritoneum.  The  pooled  blood  and  necrotic  material  from 
the  damaged  liver  readily  broke  through  the  unfortified  diaphragmatic  suture 
line.  The  resulting  biliary  pleural  fistulas  Avere  dilRcult  to  treat,  and  there  was 
more  than  a  casual  relation  betAveen  them  and  pleural  empyemas. 

The  use  of  gauze  packs  Avas  abandoned  early  in  the  Avar  as  both  inefficient 
and  hazardous.  They  gave  rise  to  subphrenic,  subhepatic,  or  pelvic  collections 
of  bile,  often  with  associated  abscess  formation.  Since  the  diaphragm  was 
perforated  in  all  thoracoabdominal  Avounds,  bile  and  exuded  fluids,  Avhose  ex¬ 
ternal  discharge  Avas  prevented  by  the  pack  in  the  liver,  tended  to  force  their 
way  through  the  sutured  diaphragmatic  Avound,  no  matter  Avhat  the  technique 
of  suture,  Avith  resulting  biliary  fistulas  and  bile  empyemas.  In  some  instances, 
the  thoracotomy  incision  broke  doAAm,  and  pleurocutaneous  fistulas  developed. 
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In  two  cases,  in  which  the  lung  was  adherent  to  the  suture  line  in  the  diaphragm, 
a  serious  problem  was  created  when  the  bile  eroded  into  a  bronchus. 

Other  disadvantages  connected  with  the  use  of  gauze  packs  concerned  their 
removal,  which  was  usually  painful  and  was  often  folloAved  by  secondary 
hemonhage.  In  one  such  case  in  the  experience  of  the  2d  Auxiliary  Surgical 
Group,  the  granulation  tissue  that  had  invaded  the  meshes  of  the  gauze  bled  so 
profusely  when  the  pack  was  removed  that  the  patient  was  exsanguinated 
before  surgical  intervention  could  be  undertaken.  Autopsy  showed  vasculari¬ 
zation  of  the  liver  bed  as  a  reaction  to  the  presence  of  the  pack. 

Complications  associated  with  the  use  of  gauze  packs  were  so  numerous 
and  so  troublesome  that  their  use  was  eventually  discontinued,  and  Penrose 
drains  were  substituted  for  them.  These  drains,  however,  were  satisfactory 
only  when  the  drainage  incision  was  of  adequate  size  not  only  on  the  surface 
but  through  all  layers  of  the  drainage  tract.  It  was  also  essential  that  they 
be  placed  under  direct  vision,  when  the  abdomen  was  still  open. 

Adequate  drainage  implied  the  proper  placing  of  two  or  three  large,  soft 
rubber  drains  to  the  site  of  the  liver  damage  through  an  adequate  anterolateral 
subcostal  incision.  The  incision  was  not  adequate  unless  it  was  at  least  3  inches 
long.  A  tract  was  established  extraperitoneally  by  blunt  dissection  until  the 
upper  surface  of  the  liver  was  reached;  then  the  peritoneum  was  broken 
through.  The  drains  were  placed  precisely,  under  direct  vision,  before  the 
diaphragm  Avas  closed.  Often  both  anterior  and  posterior  drainage  Avas  de¬ 
sirable.  Drains  to  the  liA^er  Avere  never  broug*ht  to  the  surface  through  the 
thoracotomy  incision  or  the  laparotomy  incision.  This  Avould  have  been  an 
inAdtation  to  Avound  infection  and  disruption. 

There  Avas  a  significant  reduction  in  the  complications  caused  by  inadequate 
drainage  of  Avoimds  of  the  liver  as  the  principles  of  drainage  became  more 
clearly  understood  and  the  proper  techniques  Avere  put  into  effect.  Constant 
emphasis  upon  both  principles  and  practices  Avas,  however,  necessary  through¬ 
out  the  Avar. 

Closure  of  the  Diaphragm 

The  rent  in  the  diaphragm  Avas  repaired  as  securely  as  possible  to  forestall 
the  development  of  bile  empyema  on  the  right  side  and  of  diaphragmatic 
hernias,  AAdiich  Avere  more  of  a  threat  on  the  left  than  on  the  right  side.  When 
thoracotomy  and  laparotomy  had  been  done  as  separate  j)rocedures,  the  dia¬ 
phragm  Avas  preferably  repaired  from  aboA^e,  through  the  thoracotomy.  Clos¬ 
ure  from  beloAv  Avas  much  more  difficult  and  much  less  satisfactory. 

The  anesthesiologist  had  much  to  do  Avitli  the  ease  Avith  Avhicli  the  dia¬ 
phragm  Avas  closed.  If  he  initiated  a  period  of  controlled  respiration,  thus 
securing  complete  diaphragmatic  relaxation  and  immobilitAq  closure  Avas 
greatly  facilitated.  Kelaxation  Avas  particularly  important  when  the  closure 
had  to  be  effected  in  a  site  that  Avould  not  liaAn  been  the  site  of  election :  in  Avar 
Avounds,  the  surgeon  had  no  choice. 
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Severtil  techniques  were  used  to  close  tlie  diaphragm,  a  2-layer  closure 
being'  generally  regarded  as  most  satisfactory.  It  was  accomplished  either  by 
imbrication  of  2  cm.  of  diaphragmatic  tissue  or  by  simple  approximation  of  the 
wound  edges,  reinforced  by  a  second  layer  of  in^'erting  mattress  sutures. 
Xeither  of  these  techniques  was  practical  through  an  al)dominal  approach. 

(h'ushing  of  the  phrenic  nerve  was  practiced  only  when  there  had  been 
actual  loss  of  muscle  tissue,  so  that  closure  under  tension  would  otherwise  be 
necessary. 

Silk  or  cotton  sutures  were  used,  sometimes  combined  Avith  chromic  catgut. 
Silk  Avas  used  in  373  of  the  636  cases  in  which  2d  Auxiliary  Surgical  Group 
records  have  information  on  this  point.  Sutures  AA'ere  alwaj^s  interrupted. 

Special  techniques  were  necessary  for  special  Avounds.  An  apparent  defect 
in  the  lateral  costal  margin  of  the  diaphragm,  Avhicli  Avas  the  result  of  contrac¬ 
tion  or  aAuilsion  after  seATrance  of  its  attachments,  Avas  corrected  by  suturing 
the  diaphragm  to  an  intercostal  muscle  one  or  more  spaces  higher  than  its 
original  attachment.  Eeattachmeiit  Avas  important,  for  the  original  site  of 
attachment  Avas  usually  in  the  area  of  the  chest  Avail  Avound,  Avith  its  accompany¬ 
ing  fractures,  and  this  structure  Avas  no  longer  stable  enough  to  permit  efficient 
d  i  a  ph  i‘a  gm  a  t  ic  a  c  t  i  on . 

When  the  diaphragmatic  crura  liad  l)een  torn  from  the  A’ertebral  column, 
the  first  layer  of  sutures  liad  to  be  passed  through  the  superior  surface  of  tlie 
liver.  A  sufficient  number  of  these  sutures  ahvays  held  to  fix  the  liA  er  against 
the  undersurface  of  the  diaphragm  and  thus  prevent  herniation. 

Pleural  Lavage 

Before  the  chest  Avail  Avas  closed,  all  blood  Avas  suctioned  out  of  the  hemi- 
thorax.  and  it  Avas  adequately  flushed  Avith  ]Ahysiologic  salt  solution  (vol.  I). 
This  measure  was  particularly  imjAortant  if  there  had  been  soiling  of  the  cavity 
by  gastric  or  intestinal  contents. 

Drainage 

Whether  to  institute  drainage  of  the  pleural  space  at  operation  or  to  rely 
upon  keeping  it  empty  after  operation  by  thoracentesis  Avas  a  inatter  of  prime 
importance  in  securing  reexpansion  of  the  lung.  The  decision  depended  upon 
a  numl)er  of  considerations,  including  the  extent  of  pulmonaiy  damage;  the 
magnitude  of  the  laceration  in  the  diaphragm ;  the  size  of  the  defect  in  the  chest 
Avail:  and,  most  important,  AA^hether  or  not  the  pleura  had  been  grossly  contami¬ 
nated  through  the  diaphragm  from  a  perforated  abdominal  viscus. 

Unless  the  defect  in  the  thoracic  Avail  Avas  small,  pulmonary  and  dia¬ 
phragmatic  injuries  minimal,  and  gross  contamination  of  the  pleural  and 
peritoneal  cavities  absent,  it  Avas  not  safe  to  omit  Avater-seal  intercostal  drainage 
and  to  rely  upon  postoperative,  thoracentesis  to  keep  the  pleural  cavity  free  of 
blood  and  air.  When  Avater-seal  drainage  Avas  employed,  the  chances  of  pleural 
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infection  were  reduced,  and,  il  it:  did  occur,  the  process  was  limited  and  localized 
because  there  was  no  ]>leural  dead  space. 

According’  to  the  records,  closed  water-trap  intercostal  drainage  ^^as  insti¬ 
tuted  in  d26  of  the  90B  thoracoabdominal  injuries  cared  for  by  teams  of  the 
2d  Auxiliary  Surgical  Group.  The  practice  was  to  use  either  a  large  fenes¬ 
trated  catheter  or  a  tube  of  equal  caliber ;  both  were  rigid  enough  not  to  collapse. 
The  site  of  drainage  was  a  separate  intercostal  stab  wound,  usually  ni  the 
posterolateral  or  lateral  aspect  of  the  lower  chest,  A  small  additional  catheter 
was  sometimes  placed  in  the  second  interspace  anteriorly,  for  the  escape  of  air 
trapped  in  the  upper  pleural  caA'ity. 


Closure  of  the  Chest  Wall 

Closure  of  the  thoracic  cage  was  accomplished  by  approximation  of  adja¬ 
cent  ribs  or  of  the  intercostal  musculature,  depending  upon  whether  tho¬ 
racotomy  had  been  performed  througli  the  bed  of  a  rib  or  through  an  intercostal 
space.  If  there  were  large  defects  in  the  thoracic  wall,  contiguous  musculature 
Avas  utilized  in  layers.  In  closing  the  posterior  aspect  of  the  pleural  incision, 
it  Avas  often  useful  to  pull  the  paraspinalis  muscle  OA^er  the  suture  line  for 
additional  reinforcement.  The  muscular  layer  Avas  ahvays  closed,  but  the 
subcutaneous  tissue  and  skin  Avere  usually  left  open  for  subsequent  closure. 

SPECIAL  SURGICAL  CONSIDERATIONS 

Special  surgical  conditions  in  the  management  of  thoracoabdominal 
Avounds  depended  upon  (1)  AvhicL  sideAhey  Avere  located,  and  (2)  A\diether  they 
vreve  penetrating  or  perforating. 

Right-Sided  Wounds 

Perforating  wounds.— When  the  AA^ound  on  the  right  side  aa^is  Ioaa^  in  the 
costal  margin  or  in  the  region  of  the  teiitli,  eleAunth,  or  tAAulfth  ribs  posteriorly, 
possible  injury  of  the  gallbladder,  liA^er,  duodenum,  colon,  and  kidney  had  to 
be  borne  in  mind.  Exploration  by  the  transdiaphragmatic  route  Avas  often 
not  satisfactory  in  injuries  in  these  locations  because  the  liAUr  blocked  Ausion 
and  prevented  adequate  exploration. 

Debridement  of  the  Avounds  of  entrance  and  exit  and  iiwestigation  of  the 
status  of  the  diaphragm  through  a  traumatic  thoracotomy  sometimes  reaualed 
that  only  the  diaphragm  and  liA  er,  or  sometimes  the  kidney,  had  been  damaged. 
If  the  thoracotomy  Avas  as  Ioav  as  the  tenth  interspace  posteriorly,  the  liver 
could  be  drained  or  the  kidney  sutured  or  removed  through  tlie  diaphragm. 

Wounds  of  the  diaphragm  no  higher  than  the  eighth  interspace  and  no 
farther  posterior  than  the  posterior  axillary  line  could  be  exposed  and  sutured 
from  Avithin  the  abdomen.  The  condition  of  the  patient  determined  Avhether 
lacerations  of  the  diaphragm  in  other  areas  should  be  repaired  at  this  time. 
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Failure  to  repair  a  laceration  of  the  diaphragm  might  lead  to  a  biliary  pleural 
fistula,  but  the  possibility  of  this  complication  was  not  of  major  importance  in 
a  patient  in  such  poor  condition  that  he  could  not  tolerate  further  surgery. 

Early  surgical  intervention  Avas  imperatiA^e  Avhen  the  i-ight  lobe  of  the  liA^er 
continued  to  bleed  into  the  pleural  caAfity  or  Avlien  the  spleen  lay  shattered  in 
the  left  pleural  caAdty.  The  situation  AA\as  eA^aluated  on  the  basis  of  the  location 
of  the  AYOund  of  entry,  the  position  of  the  fragment,  and  the  lack  of  response 
to  shock  therapy.  It  AA^as  often  necessary  to  operate  Avithout  delay  in  spite  of 
persist  ent  hypotension . 

It  Avas  also  possible  to  drain  a  AA^ound  of  the  liA^er  through  a  traumatic 
thoracotomy  in  this  location.  The  most  satisfactory  plan  AA\as  to  ]iij  Penrose 
drains  OA^er  tlie  rent  in  the  liA^er  and  exteriorize  them  subcostally  by  breaking 
through  the  lateral  reflection  of  peritoneum  over  the  right  lobe.  Whatever 
the  technique  used,  drainage  Avas  essential. 

When  there  was  no  urgent  indication  for  laparotomy  before  thoracotomy, 
the  first  attention  Avas  given  to  the  cliest  Avound.  After  debridement,  closure 
of  the  chest  Awall,  insertion  of  an  intercostal  tube,  and  aspiration  of  all  blood 
and  air  in  the  pleural  cavity,  it  Avas  surprising  to  find  hoAV  often  the  patient’s 
condition  had  improved  and  hoAV  much  better  he  tolerated  extensive  intra¬ 
abdominal  surgery.  The  intercostal  tube  Avas  drained  into  a  AYater-trap  bottle, 
and  it  Avas  thus  possible  to  check  on  the  amount  of  hepatic  bleeding.  The 
drainage  of  blood  into  tlie  pleural  cavity,  AA'hich  Avould  otherwise  have  occurred, 
might  liaA'C  considerably  loAvered  the  already  impaired  vital  capacity  by  the 
time  laparotomy  Avas  concluded. 

An  extrapleural  approach  Avas  used  in  an  occasional  thoracoabdominal 
injury  Ioav  on  the  right  side  posteriorly,  but  only  if  the  thoracic  injury  Avas  not 
seA^ere  and  if  it  Avas  quite  certain  that  the  liver  Avas  the  only  abdominal  organ 
injured.  The  eleventh  or  tAA^elfth  rib  Avas  resected,  and  the  reflection  of  the 
pleura  Avas  dissected  up.  The  pleural  defect,  being  thus  exposed,  Avas  then 
repaired,  after  AA’hich  the  liver  Avas  approached  either  through  tlie  perforation 
in  the  diaphragm  made  by  the  missile  or  through  the  bed  of  the  resected  rib. 
The  operation  Avas  performed  exactly  as  drainage  for  a  subp>hrenic  abscess 
Avould  be  instituted.  In  selected  cases,  this  Avas  a  safe  and  simple  Avay  of 
draining  Avounds  of  theliAW. 

Penetrating  wounds.— When  a  penetrating  wound  was  on  the  right  side, 
it  Avas  necessary  to  investigate  AAdietlier  the  missile  had  passed  through  the 
right  lobe  of  the  liver  or  had  entered  the  peritoneal  cavity.  As  a  general  rule, 
the  laparotomy  approach  Avas  best  when  roentgenologic  examination  showed 
the  missile  to  be  in  the  peritoneal  cavity.  If  roentgenologic  examination  indi¬ 
cated  that  it  had  stopped  in  the  lii^er,  the  procedure  Avas  the  same  as  for  right¬ 
sided  perforating  Avounds;  that  is,  drainage  of  the  suprahepatic  space  and 
repair  of  the  diaphragm.  If  the  fragment  Avas  readily  accessible,  it  Avas  re¬ 
moved,  but  protracted  exploration  for  a  buried  intrahepatic  foreign  body  Avas 
not  Avise,  for  it  often  resulted  in  considerable  hemorrhage.  Drainage,  as  al- 
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ready  pointed  out  (p.  118),  was  mandatory  to  guard  against  subphrenic  space 
infection  and  bile  empyema. 


Left-Sided  Wounds 

Perforating  wounds.— Possible  injury  to  the  left  diaphragm  was  always 
in  itself  a  sufficient  indication  for  thoracotomy.  It  was  a  simple  matter,  in  the 
process  of  handling  a  sucking  wound,  to  enlarge  the  wound  and  determine  the 
status  of  the  diaphragm.  Since  the  chest  wall  is  relatiyely  thin  in  the  lower 
thoracic  cage,  most  wounds  were  sucking. 

Penetrating  wounds. — Accurate  localization  of  the  missile  was  important 
in  left-sided  penetrating  Avounds  in  order  to  determine  the  surgical  approach. 
Airy  damage  done  to  intraperitoneal  organs  b}^  a  missile  that  entered  the  left 
upper  quadrant  of  the  abdomen  and  remained  in  it  could  easily  be  reached  and 
remedied  through  a  transdiaphragmatic  approach,  AAdth  greater  technical  ease, 
in  fact,  than  Avas  possible  at  laparotomy.  If,  hoAAnver,  the  missile  had  passed 
into  any  other  quadrant  of  the  abdomen,  laparotomy  Avas  necessary. 

The  left  transdiaphragmatic  approach  had  many  technical  advantages. 
Through  it  the  folloAving  procedures  (fig.  37)  Avere  readily  performed: 
Splenectomy ;  exploration  and  repair  of  the  entire  stomach  from  the  esophago¬ 
gastric  junction  to  the  duodenum;  examination  and  mobilization  of  the  colon 
from  the  hepatic  flexure  to  the  first  portion  of  the  sigmoid  loop;  examination 
of  the  hepatic  flexure  itself,  by  blindly  taking  doAvn  the  Iiepatocolic  ligament; 
repair  of  the  colon,  or  subcostal  or  midline  exteriorization  of  either  loop,  or 
spur  colostomy ;  examination  of  the  small  boAvel  from  the  ligament  of  Treitz  to 
Avithin  a  feAA^  inches  of  the  cecum,  Avith  resection  or  anastomosis  as  necessary ; 
and  Ausualization  and  removal  of  the  left  kidney. 

The  abdominal  approach  AAns  required  for  repair  of  Avounds  of  the  loAver 
ileum  and  cecum  and  of  Avounds  of  the  colon  from  the  hepatic  flexure  to  the 
upper  sigmoid.  These  structures  could  not  be  adequately  exposed  through 
the  diaphragm. 

The  abdominal  approach  Avas  also  Avisest  AAffien  thoracic  damage  Avas  so 
slight  that  no  intrathoracic  surgery  Avas  necessary.  If  the  diaphragm  could 
be  repaired  from  beloAv  in  tliese  cases,  it  Avas  best  not  to  enter  another  serous 
caAoty. 

When  the  foreign  body  Avas  in  the  left  upper  quadrant  of  the  abdomen  and 
the  Avound  of  entrance  Avas  not  sucking  because  the  missile  had  traA'Crsed  the 
chest  Avail  obliquely,  it  could  be  assumed  that  pleural  contamination  had  not 
occurred.  The  decision  then  had  to  be  made  AAdiether  to  perform  laparotomy 
or  to  employ  a  transthoracic  approach,  Avith  the  possible  risk  of  pleural  con¬ 
tamination.  Many  surgeons,  on  the  basis  of  their  personal  experience,  thought 
the  minimal  risk  justified  because  of  the  greater  technical  ease  of  repair  of 
intraperitoneal  structures  through  this  approach.  The  chances  of  infection 
Averc  small  Avith  an  experienced  surgeon,  aaIio  bore  in  mind  the  importance  of 
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FiGviiE  37. — Teciinuiiie  of  traiisdiapliragmatit'  oiH‘i-;uioii  for  lofl-:<ide(l  llioracoabdom- 
iiial  wound.  A.  Expo, sure  of  gaslric  perforations  after  excision  of  ninth  rib  and  opening 
of  diapliragni.  It.  Field  after  splenectomy  and  (-losiire  of  gastric-  pm-forations.  C.  lairge 
laceration  in  splenic  Ilexnre  of  colon.  I).  SSnbcostal  (‘xteriorization  of  splenic  flexure  as 
loop  la),  or  spur  colostomy  (b).  In  gimeral,  spur  colostomy  was  indic-ated  when  more 
than  half  of  tin*  diameter  of  the  bowel  Inid  becm  trans(‘cted  or  wlnm  the  wound  was  on  the 
mesenteric  side  and  tlu‘  blood  sni)ply  was  (int*stional)le. 

a  fully  expanded  liiiio-,  a  dry  pleural  cavity,  and  proper  attention  to  pleural 
Lnaio-e  and  pulmonary  expansion  durino’  closure  of  the  thoracotomy. 

The  folloAvino-  techni(]ue  for  left-sided  thoracoidxlominal  vounds  was 
reported  by  Major  Shefts  and  Captain  Doud : 

After  the  patient  Imd  been  anesthetized,  he  was  placed  on  his  rii^’ht  side, 
with  a  folded  blanket  under  the  lower  lateral  aspect  of  the  right  costal  margin. 
A  long  strip  of  adhesiAe  placed  over  the  left  hip  and  attached  to  the  litter 
anteriorly  and  posteriorly  helped  to  hold  the  position.  The  left  leg  was  flexed 
at  the  hip  and  knee,  and  a  pilloAv  was  placed  beloAv  the  knee.  With  the  right 
leg  extended,  the  great  saphenous  A'ein  anterior  to  the  medial  malleolus  or  at 
the  middle  border  of  the  tibia  Avas  available  if  the  administration  of  fluids 
during  the  operation  should  })ro\'e  necessary. 
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Tlie  rib  chosen  for  resection  varied  with  the  habitns  of  the  patient  and 
could  be  determined  during  debridement  of  the  Avound.  The  best  approach 
Avas  usuall}^  through  the  bed  of  the  resected  ninth  rib.  Eesection  stopped 
short  of  the  costal  cartilage,  to  prevent  tlie  chondritis  possible  if  contamination 
should  have  occurred.  When  the  diaphragm  Avas  opened,  the  perforating 
Avound  Avas  included  in  the  incision  AvheneATr  that  Avas  possible. 

When  it  Avas  necessary  to  explore  the  stomach,  access  to  the  posterior  Avail 
Avas  obtained  by  opening  the  gastrocolic  omentum.  For  exposure  of  injuries 
in  the  region  of  the  esophagogastric  junction,  especially  those  on  the  side  of 
the  lesser  curvature,  it  Avas  necessary  to  cut  the  left  triangular  ligament  and 
mobilize  the  left  lobe  of  the  liA^er. 

When  splenectomy  Avas  indicated,  the  lateral  reflection  of  peritoneum  over 
the  spleen  Avas  cut  and  the  spleen  delivered  into  the  opening  in  the  diaphragm. 
The  operation  Avas  technically  easier  if,  after  the  spleen  had  been  delivered,  the 
surgeon  and  his  assistant  changed  sides.  The  assistant  maintained  the  spleen 
in  position  Avith  his  left  hand,  AAdiile  the  surgeon  passed  his  fingers  beneath  the 
splenic  pedicle.  With  this  maneuAnr,  the  risk  of  injury  to  the  greater  cuiu  a- 
ture  of  the  stomach  and  the  tail  of  the  pancreas  Avas  greatly  decreased. 

To  expose  the  left  kidney,  the  lateral  peritoneal  reflection  of  the  upper 
portion  of  the  descending  colon  Avas  cut,  together  Avith  the  lienocolic  ligament, 
and  the  colon  Avas  retracted  mesially,  Neplirectomy  Avas  readily  performed 
tlu*ough  this  apjn'oach. 


POSTOPERATIVE  CARE 

In  general,  the  postoperatiA^e  care  of  the  casualty  Avith  a  thoracoabdominal 
Avound  consisted  of  the  care  that  Avould  be  giATii  to  him  if  he  had  a  chest  Avound 
only  (Ami.  I)  plus  the  management  of  an  abdominal  Avound  oidy.  The  routine 
of  the  jiostoperative  care  of  casualties  Avith  abdominal  Avounds  is  described  in 
detail  in  the  A'olume  of  this  series  dealing  Avitli  these  Avounds  {1)  and  need  not 
be  repeated  here. 

As  a  general  rule,  the  absence  of  an  abdominal  incision  made  for  a  smoother 
conA'alescence  because  abdominal  discomfort  and  distention  Avere  less.  Since  he 
AAMS  more  comfortable,  the  patient  was  likelA"  to  be  more  Avilling  to  cooperate 
in  tlie  measures  iiecessary  for  promoting  pulmonary  expansion  and  keeping 
the  tracheobronchial  tree  clear. 

Routine  of  Management 

Measures  directed  to  the  respiratory  system. — Before  a  x)atient  Avith  a 
thoracoabdominal  Avound  Avas  remoA^ed  from  the  operating  table,  the  tracheo- 
l)ronchial  tree  had  been  cleared  by  aspiration  or,  if  necessary,  by  bronchoscopy. 
Bronchoscopy  Avas  employed  in  110  of  the  90?>  thoracoabdominal  operations 
done  by  surgeons  of  the  2d  Auxiliary  Surgical  Group.  If  the  patient  shoAved 
any  (wanosis  or  respiratory  difficulty,  oxygen  Avas  administered  at  once. 
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As  soon  as  the  patient  was  conscious,  lie  was  given  instructions  for  deep 
breathing,  frequent  coughing,  and  turning  from  side  to  side.  If  he  could  not 
or  would  not  cough  voluntarily,  intercostal  nerve  block  was  carried  out  if  it 
had  been  omitted  at  operation. 

Tracheal  aspiration  by  catheter  was  also  begun  and  was  repeated  as  fre¬ 
quently  as  necessary  as  long  as  there  were  detectable  amounts  of  blood  or  mucus 
in  the  tracheobronchial  tree.  Often  after  the  first  tracheal  aspiration,  the 
patient  coughed  voluntarily  and  without  protest  and  kept  the  air  passages  clear 
by  his  own  efforts.  If  he  could  not  or  would  not  cooperate,  or  if  catheter  aspira¬ 
tion  was  unsatisfactory,  bronchoscopy  was  resorted  to  promptly.  It  was  per¬ 
formed  after  operation  in  12  of  the  903  thoracoabdominal  wounds  cared  for 
b}"  members  of  the  2d  Auxiliary  Surgical  Group.  Atropine  gr.  1/100  was 
given  intravenously  from  10  to  15  minutes  before  it  was  begun,  to  eliminate 
the  risk  of  vagovagal  reflex.  Bronchoscopy  could  be  performed  quickly  and 
easily  on  the  ward  because  most  members  of  thoracic  surgical  teams — surgeons, 
assistant  surgeons,  and  anesthesiologists — were  all  trained  to  perform  it. 

If  the  ward  was  busy  and  repeated  observation  was  not  practical,  it  was 
the  best  plan  to  use  an  oral  or  nasal  airway  to  maintain  patency  of  the  respir¬ 
atory  passages.  At  least  one  thoracoabdominal  casualty  is  known  to  have  died 
of  strangulation  3  hours  after  operation  because  this  precaution  was  omitted 
on  a  busy  postoperative  ward. 

Replacement  therapy. — Replacement  therapy  was  continued  after  opera¬ 
tion  according  to  the  indications.  The  amount  of  blood  and  plasma  adminis¬ 
tered  depended  upon  the  hemoglobin,  hematocrit,  and  serum  protein 
determinations.  Between  2,000  and  3,000  cc.  of  5  percent  glucose  in  physiologic 
salt  solution  was  given  daily.  This  amount  was  not  usually  exceeded  because 
it  was  still  possible  to  overload  tlie  circulation  and  produce  j)ulmonary  edema. 

Gastrointestinal  decompression. — All  patients  Avith  thoracoabdominal 
Avounds  Avere  treated  by  nasal  intubation  and  gastric  siphonage  for  3  or  4  days 
after  operation,  tlie  removal  of  the  tube  depending  iq^on  the  time  at  Avhich 
satisfactory  peristalsis  Avas  reestablished.  The  use  of  the  tube  beyond  this 
period  Avas  undesirable,  for  it  might  mask  an  intestinal  obstruction  and  delay 
its  recognition  and  correction.  An  accurate  record  of  the  daily  intake  and 
output  Avas  necessary  during  the  period  in  AAdiich  nasogastric  suction  Avas  in  use. 

General  measures. — If  morphine  Avas  indicated  for  pain,  it  Avas  giA^en  in 
small  doses,  preferably  gr.  %  and  never  more  than  gr.  %. 

Patients  Avere  encouraged  to  get  out  of  bed  promptly  if  other  Avounds  did 
not  contraindicate  ambulation.  If  drainage  had  been  instituted,  ambulation 
usualh’  had  to  be  delayed  until  the  Avater-seal  catlieter  Avas  remoAnd,  but  these 
patients  Avere  encouraged  to  sit  on  the  side  of  their  beds. 

The  sulfonamides  and  penicillin  Avere  used  according  to  the  routine  de¬ 
scribed  for  thoracic  AAmunds  (Ami.  I). 

Vitamins  B  and  C  Avere  given  routinely  in  the  postoperative  period  to 
improve  the  nutritional  status. 


THORACOABJ}OMINAL  WOT  ADS 


127 


The  I'oentgeiiograms  ordinarily  taken  in  chest  injuries  4  or  5  days  after 
operation  were  usually  deferred  until  after  the  first  week  in  thoracoabdominal 
wounds.  Clinical  signs  provided  a  satisfactory  guide  to  management. 

Drainage 

The  care  of  water-trap  drainage  in  the  postoperative  period  required  con¬ 
stant  vigilance  on  the  part  of  the  surgeon  and  a  thorough  knowledge  of  the 
method  plus  conscientious  attention  on  the  part  of  the  nursing  and  other  staff 
members  of  the  forward  hospital.  Serious  errors  might  result  when  untrained 
personnel  were  entrusted  with  this  phase  of  the  patient’s  care. 

The  catheter  was  connected  with  the  water-seal  bottle  as  soon  as  the  patient 
was  returned  to  tlie  ward.  If  two  tubes  were  used  and  penicillin  had  been  left 
in  the  pleural  cavityq  the  posterolateral  tube  was  kej^t  clamped  for  3  to  4  hours, 
to  give  the  penicillin  time  for  bacteriostatic  action.  The  p>atient  was  watched 
closely  and  tlie  tube  was  undamped  immediately  if  pneumothorax  or  hemo¬ 
thorax  seemed  to  be  developing. 

The  water-seal  bottle  was  kept  at  least  18  inches  below  the  most  dependent 
part  of  the  pleura.  The  tube  was  clamped  off  whenever  the  bottle  had  to  be 
einptied.  It  was  the  general  practice  to  continue  water-traj)  intercostal  tube 
drainage  for  48  to  72  hours  unless  the  tube  became  sealed  off  earlier  ;  this  some¬ 
times  occurred  within  24  hours. 

After  the  tube  had  been  removed,  and  earlier  if  drainage  had  not  been 
instituted,  aspiration  of  blood  and  air  from  the  chest  was  carried  out  as  in¬ 
dicated,  Daily  aspirations  were  sometimes  necessary.  Often  a  pocket  of  air 
was  evident  anteriorly,  even  when  drainage  had  been  instituted  by  lateral  or 
posterolateral  intercostal  drainage.  It  was  aspirated  at  once. 

The  proper  removal  of  drains  down  to  the  liver  was  as  important  as  their 
initial  placement.  They  were  gradually  shortened,  usually  beginning  on  the 
fourth  or  .fifth  day.  Manipulations  had  to  be  cautious  and  gentle.  If  the 
drains  were  withdrawn  too  far  and  too  fast,  fluid  collections  were  likely  to 
become  pocketed  in  the  hepatic  region. 

The  amount  of  drainage  through  tubes  placed  down  to  the  liver  was  gener¬ 
ally,  though  not  always,  related  to  the  amount  of  hepatic  damage.  The  i^eriod 
of  drainage  was  unpredictable,  but  it  was  seldom  shorter  than  from  10  to  12 
days,  which  meant  that  the  final  removal  of  drainage  tubes  was  usually  the 
responsibility  of  the  surgeon  in  the  base  hospital. 


MANAGEMENT  IN  BASE  HOSPITALS 

Of  the  patients  who  survived  to  reach  base  hospitals  after  surgery  for 
thoracoabdominal  wounds,  about  half  would  have  had  involvement  on  the  left 
side  and  would  have  undergone,  variously,  splenectomy:  repair  of  gastric 
lacerations;  exteriorization  of  a  segment  of  tlie  colon,  usually  the  splenic  flexure 
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or  deHceiulino’  colon;  nephrectomy  in  a  small  number  of  cases;  or  various  com¬ 
binations  of  these  procedures. 

Of  the  patients  with  right-sided  injuries,  the  majority  Avonld  have  had 
injuries  of  the  liver  as  the  only  intraperitoneal  injury.  The  remaining  patients 
with  injuries  on  tliis  side  would  liave  had  thoracotomy  with  inspection  of  the 
abdomen,  repair  of  the  diaphragm,  and  laparotomy  to  deal  with  injuries  inacces¬ 
sible  from  the  right  hemithorax. 

Except  for  the  closure  of  traumatic  Avounds  and  of  elective  incisions  in 
which  the  skin  and  subcutaneous  tissues  had  been  left  open,  the  chief  responsi¬ 
bility  of  surgeons  in  base  hospitals  in  respect  to  thoracoabdominal  Avounds  Avas 
the  management,  and  sometimes  the  closure,  of  colostomies  and  the  manage¬ 
ment  of  complications. 


Management  of  Colostomies 

The  management  of  colostomies  in  thoracoabdominal  injuries  Avas  tlie 
responsibility  of  general  surgeons  in  base  hospitals.  In  many  cases,  perhaps 
most  cases,  the  patient  liad  recovered  entirely  from  his  chest  injuries  long  before 
the  closure  of  his  colostomy  Avas  imdertaken.  Alany  patients  Avitli  thoracoal)- 
dominal  injuries  had  to  be  evacuated  to  the  Zone  of  Interior  because  tiie 
colostomy  could  not  be  closed  AAnthin  the  permitted  holding  ])eriod  of  the  theater 
or  because,  for  other  reasons,  closure  could  not  be  attempted  overseas. 

There  Avasno  standard  surgical  technique  for  the  management  of  Avounds  of 
the  colon  in  the  Alediterranean  theater,  but  all  the  techniques  employed  Avere 
based  on  three  general  principles  (1)  : 

1.  Exteriorization  of  the  Avounded  segment  of  boAvel  to  jnvAvnt  intra¬ 
peritoneal  leakage  at  the  suture  line.  The  damaged  exteriorized  segment  could 
1)0  used  as  the  site  of  colostomy  on  appropriate  indications. 

'2.  DiA'ersioii  of  the  fecal  stream  aAvay  from  AA’ounds  of  the  distal  or  loAver 
colon  and  rectum.  Colostomy  Avas  alAvays  x^^^i’formed  for  perforation  of  the 
rectum  and  Avas  supplemented  by  adexpiate  posterior  drainage  through  the 
fascia  propria. 

d.  Incomplete  diA^ersion  of  the  fecal  stream,  Avhich  aa'us  a  temporary  meas¬ 
ure,  designed  for  purposes  of  decompression  as  Avell  as  to  bring  tlie  boAAvd  to 
the  surface,  so  tliat  a  diversional  colostomy  could  be  performed. 

As  might  be  expected,  AA’hen  so  many  different  surgeons  had  operated  on 
so  many  patients  under  such  Avidely  ditferent  circumstances,  AA'ith  only  prin¬ 
ciples  to  guide  them,  the  colostomies  that  had  to  be  closed  represented  e\'ery 
known  technique.  Closure  therefore  had  to  be  accomplished  l)y  a  corresponding' 
A'ariety  of  techniques.  Both  intraperitoneal  and  extra})eritoneal  methods  AA'ere 
found  satisfactory,  (hireful  preoperative  preparation  Avas  a  criterion  of 
success. 

Techniques  of  the  closure  of  colostomies  and  the  management  of  coiiq)lica- 
tions  associated  Avith  them  are  presented  in  detail  in  the  volume  on  general  sur¬ 
gery  cleAmted  to  abdominal  injuries  (/). 
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Complications 

As  might  be  expected  in  the  circumstances  of  war,  the  records  of  complica¬ 
tions  of  wounds  were  always  incomplete  and  were  particidarly  fragmentary  in 
respect  to  the  less  sex'ere  and  nonfatal  types.  iNIany  postoperative  processes 
which  in  civilian  practice  would  be  regarded  as  complications  were  so  frequent 
in  battle  Avounds  tliat  tliey  came  to  be  accepted  as  routine  and  Avere  not  made  a 
matter  of  record. 

These  statements  are  all  applicable  to  the  903  thoracoabdominal  Avounds 
cared  for  by  the  2d  Auxiliary  Surgical  Group.  In  529  instances,  the  records 
bear  no  indication  that  com.pl ications  occurred,  Avhicli  naturally  is  incredible. 
There  is  only  one  recorded  case,  for  instance,  of  postoperatAe  pulmonary  edema. 
Tlic  largest  numbers  of  complications  Avere  recorded  for  atelectasis,  21  cases; 
em})yema,  19  cases,  2  of  Avluch  Avhere  associated  Avith  bronchopleural  fistula; 
subphrenic  abscess,  15  cases;  and  pneumonia,  12  cases.  Ten  disruptions  of  the 
abdominal  Avound  Avere  recorded,  in  three  instances  Avith  evisceration. 

Postoperative  complications  Avere  remarkably  feAv,  considering  the  charac¬ 
ter  of  the  Avoimds,  but  individual  surgical  experiences  often  included  more 
tlian  these  presumably  total  figures  indicate.  Maj,  Thomas  H.  Burford,  MC, 
for  instance,  in  98  lacerations  of  the  liver  treated  at  base  hospitals,  collected 
11  subphrenic  abscesses  (fig.  38),  5  bile  empyemas,  and  6  intrahepatic  abscesses 
(fig.  39) . 

Eight-sided  thoracoabdominal  injuries  gave  rise  to  a  higher  j^ercentage 
of  complications  than  left-sided  injuries  because  of  the  almost  universal  involve¬ 
ment  of  the  liver  on  this  side.  It  Avas  estimated  that  transdiaphragmatic  biliary 
fistulas,  Avith  bile  empyema,  developed  in  about  3  percent  of  the  lacerations  of 
the  liver  in  right-sided  Avounds.  The  incidence  of  hepatic  abscesses  Avas  put 
at  about  1  percent. 

Almost  Avithout  exception,  patients  Avitli  left-sided  injuries  did  Avell  if  they 
surviATvl  the  first  AA'eek.  Complications  arising  Avithin  the  abdomen  Avere  sig¬ 
nificantly  less  tha]i  on  the  right  side,  though  an  occasional  left-sided  subphrenic 
abscess  required  drainage. 

Bile  empyema. — Bile  empyema  resulting  from  the  intrapleural,  trans- 
diapliragmatic  drainage  of  bile  Avas  ahvays  serious.  The  complication  Avas  not 
usually  lethal,  but  it  iiiAuriably  shoAved  a  troublesome  predilection  toAvard 
chronicity,  Avhich  Avas  attributed  to  the  presence  of  bile  in  the  pleural  cavity. 

Attempts  at  decortication  of  the  lung,  Avitli  excision  of  the  fistula  and  tight 
diaphragmatic  repair,  failed  consistently  Avhen  they  AAnre  undertaken  as  late  as 
6  or  8  Aveeks  after  injury.  At  this  stage,  it  seemed  impossible  to  achieve  com¬ 
plete  pidmonary  remobilization  and  total  pulmonary  reexpansion.  On  the 
other  hand,  early  surgical  attack,  AAuthin  3  or  4  Aveeks  after  injury,  gave  gratify¬ 
ing  results  (p.  130).  An  important  phase  of  the  operation  Avas  the  provision 
of  adequate  extrapleural,  extraperitoneal  drainage  for  the  bile  leakage.  This 
Avas  accomplished  by  placing  the  rubber  tissue  drains  exactly  at  the  point  of 
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Figuee  3<S. — Thoracoabcloniinal  wound  requiring  later 
drainage  of  anterior  subphrenic  abscess  following  lacera¬ 
tion  of  liver. 


hepatic  injury  Avliile  tlie  diapliragin  Avas  still  open  and  bringing  them  out 
through  a  generous  subcostal  Avound. 

Subphrenic  abscess. — Subphrenic  abscesses  AA^ere  almost  universally  of  the 
anterior  type  and  most  freciuently  deAeloped  from  an  inadequately  drained 
transdiapliragmatic  abscess  of  the  liA'Cr  (fig.  40).  They  aa'ctc  treated  by  ade¬ 
quate  drainage,  AAhich  occasionally  necessitated  resection  of  a  segment  of  the 
tenth  rib  beloAA"  the  pleural  reflection.  Most  patients  shoAA^ed  satisfactory  prog¬ 
ress  tOAAqird  healing  of  the  underlying  biliary  fistula  by  the  time  they  Avere 
eAvacuated  to  the  Zone  of  Interior.  In  one  instance,  a  left-sided  siibphrenic 
abscess  ruptured  through  into  the  left  loAA^er  lobe  bronchus.  Adequate  drainage 
beloAA^  the  diaphragm  resulted  in  prompt  and  complete  cure. 

In  an  occasional  case,  a  bile  empyema  and  a  subphrenic  abscess  coexisted: 

Case  1.— This  patient  sustained  a  penetrating  sb ell-fragment  AVOund  of  the  right  chest 
on  14  April  1945.  Exploratory  thoracotomy  on  the  same  day  revealed  a  penetrating  Avound 
of  the  right  half  of  the  diaphragm  and  a  laceration  of  the  liver.  Subcostal  drainage  was 
instituted,  and  the  diaphragm  aa’us  closed  Avith  interrupted  cotton  sutures.  The  immediate 
postoperatiA^e  course  vrus  uneventful.  The  subcostal  drains  Avere  loosened  on  the  fourth 
postoperative  day  and  removed  on  the  seventh  day. 
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Figure  30. — Thoracoabdominal  wound  requiring  later  drainage  of  large 
intraliepatic  abscess. 


AYlien  the  patient  was  received  in  the  chest  center  at  the  70th  General  Flospital, 
Pistoia,  Italy,  the  following  day,  there  was  considerable  bile-stained  fluid  in  the  right 
chest  The  fluid  rapidly  became  purulent  and  showed  persistently  large  percentages  of  bile. 
Later,  roentgenologic  examination  revealed  a  right  subphrenic  abscess  (fig.  41A). 

In  preparation  for  surgery,  the  patient  was  given  1,500  cc.  of  blood  in  48  hours,  which 
restored  the  hematocrit  value  to  40.  He  was  also  given  penicillin  systemically.  Explora¬ 
tion  on  28  April,  2  weeks  after  injury,  revealed  a  large  subphrenic  abscess  and  an  extensive 
bile  empyema.  The  one-stage  operation  performed  consisted  of  drainage  of  the  subphrenic 
abscess,  decortication  of  the  lung,  excision  of  the  fistula,  and  closure  of  the  diaphragm 
with  interrupted  silk  sutures.  Eecortication  was  accomplished  without  difficulty,  and 
pulmonary  reexpansion  was  prompt  and  comj)lete.  The  fistulous  opening  in  the  diaphragm, 
at  the  site  of  the  previous  repair,  was  excised.  With  the  diaphragm  open,  the  cluster  of 
rubber  tissue  drains  that  had  previously  been  placed  were  carried  down  to  the  wound  in 
the  liver.  The  diaphragm  was  closed  in  two  layers,  with  interrupted  sutures  of  fine  silk. 
The  chest  was  closed  tightly  after  irrigation  of  the  pleural  cavity  with  physiologic  salt  solu¬ 
tion  and  the  introduction  of  anterior  and  posterior  intercostal  catheters.  Penicillin  (25,000 
units)  was  instilled  into  the  pleural  cavity  and  left  in  situ  for  6  hours. 

The  wound  healed  promptly  (fig.  41B),  and  recovery  was  uncomplicated  and  complete 
(fig.  41C). 

Other  complications. — Bronchobiliary  fistulas  Avere  infrequent.  One  pa¬ 
tient  AYith  this  complication  died  of  unexplained,  massive  retroperitoneal 
hemorrhage  -while  he  was  being  prepared  for  surgei-y. 

Complications  of  left-sided  thoracoabdominal  wounds  were  sometimes 
bizarre.  In  one  instance,  a  soldier  with  a  preA'iously  unrecognized  congenital 
diaphragmatic  hernia  receiA^ed  a  chest  AA^ound.  The  colon  aa^vs  perforated,  and 
AAdiat  amounted  to  a  traumatic  colostomy  deA^eloped;  3  days  after  wounding, 
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Figure  40.- — Continiu'd.  C.  Lateral  roeiitgeno 
I’ram  sliowiiig  abscess  in  cliaracterisi  ie  anterior 
position. 


feces  were  found  ^lonrino-  out  llirono-li  the  broken-down  thoracotomy  wound. 

Two  patients  were  observed  witli  iiastropleural  hstulas.  In  each  instance, 
the  o-astric  repair  had  broken  down  and  had  caused  the  breakdown  of  the 
diaplirao-uiatic  repair.  Both  iistulas  were  diflicidt  to  close  liecause  the  vskin  was 
so  badly  excoriated  from  irritatino-  o*astric  secretions. 

An  extremely  troublesome  complication,  which  fortunately  was  uncommon, 
was  the  so-called  plastic  type  of  peritonitis.  Presumably,  it  was  caused  by 
the  slow  leakao'c  of  bile  into  the  general  peritoneal  cayity.  The  plastic,  non- 
purnlent  exudate  that  resulted  matted  the  loops  of  intestine  together  and  gaye 
rise  to  intermittent  bouts  of  partial  intestinal  obstruction.  Prompt  decompres¬ 
sion  by  the  Wangensteen  or  iNIiller-Abbott  technique  was  the  usual  treatment. 
Operation  was  required  only  in  an  occasional  case. 

CASE  HISTORIES 

The  following  case  histories  are  illustratiye  of  yarious  aspects  of  thora¬ 
coabdominal  wounds : 

Case  2.— This  soldier  was  operated  on  in  a  field  hospital,  under  endotracheal  ether 
anesthesia,  8  hours  after  sustaining  a  severe  iterforating  gunshot  wound  of  the  left  chest, 
with  abdominal  involvement.  The  chest  was  entered  through  a  left-sided  thoracotomy :  an 
S-inch  segnuait  of  the  ninth  ril)  was  resected. 

The  chest  cavity  contained  the  entire  stomach,  which  was  tremendously  dilated ;  a 
portion  of  the  jejunum ;  the  omentum  ;  the  transverse  colon  with  the  splenic  flexure ;  and 
the  spleen.  The  stomach,  jejunum,  colon,  and  kidney  were  found  to  be  intact.  The  badly 
lacerated  spleen  was  removed.  Insertion  of  a  stomach  tube  reduced  the  stomach  to  40 
percent  of  its  original  size.  The  left  gastroepiploic  artemy,  which  was  torn  near  its  termi¬ 
nation,  was  ligated.  A  tear  in  the  lesser  omentum  was  repaired.  After  the  herniated 
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organs  were  replaced  in  the  i)eritoneal  cavity,  the  diaphragm  was  closed  in  two  layers  with 
interrupted  silk  sutures.  The  tip  of  the  lower  lobe  of  the  left  lung,  which  was  badly  torn 
and  bleeding,  was  resected,  and  the  wound  sutured  with  tine  catgut  on  a  swaged  needle. 
xVfter  an  intercostal  catheter  was  inserted,  closure  was  effected  with  pericostal  sutures 
and  suture  of  the  muscle  layers.  The  patient  was  evacuated  to  a  base  hospital  on  the 
12th  (lay  in  excellent  condition. 

Comment. — This  case  history  typifies  the  multiple  character  of  left  thoracoabdominal 
injuiles  because  of  the  close  proximity  of  the  organs  in  the  left  upper  (luadrant  of  the 
abdomen  to  each  other.  The  history  also  demonstratc'S  their  ready  accessibility  through  a 
transthoracic:  approach.  When  the  diaphragm  is  opened,  they  actually  rise  into  the 
pleural  cavity. 

Case  3. — This  soldier  sustained  a  penetrating  shell-fragment  wound  of  the  tenth  left 
interspace  in  the  posterior  axillary  line.  The  wound  was  explored  at  a  forward  hospital, 
which  came  under  shellfire  during  the  operation.  Closure  was  therefore  hurriedly  effected 
after  suture  of  the  cliaphragni.  AVhen  the  casualty  was  received  at  an  evacuation  hospital 
24  hours  later,  his  rc'cord  contained  a  note  from  the  forward  surgeon  that  ho  “thought  a 
laparotomy  should  be  done.”  The  man  was  in  great  pain,  and  his  abdomen  was  considerably 
distended. 

the  abdomen  was  opened  through  a  left  rectus  incision,  the  peritoneal  cavity 
contained  fresh  blood,  but  all  viscera  appc'ared  intact. 

Thirty-six  hours  after  operation,  the  thoracotomy  wound  became  crepitant  and  edema¬ 
tous,  and  a  foul  odor  was  noted.  When  the  wound  was  explored,  a  typical  clostridial 
myositis  of  the  superficial  muscles  was  found.  The  muscles  were  already  necrotic.  Death 
occurred  32  hours  later.  Autopsy  confirmed  the  diagnosis  of  clostridial  myositis  of  the 
chest  wall  and  also  revealed  a  i)erf{)ration  of  the  splenic  flexure  of  the  colon. 

Comment. — ^The  injury  of  the  retroperitoneal  portion  of  the  splenic  flexure  was  not 
identified  at  laparotomy  in  this  case.  It  would  probably  have  been  found,  and  could  have 
easily  been  handled,  had  a  transthoracic  approach  been  employed. 

Case  4. — This  soldier  was  admitted  to  a  field  hospital  with  a  rigid  abdomen  shortly 
after  sustaining  a  penetrating  wound  of  the  right  lower  chest.  Thoracotomy  was  per¬ 
formed,  with  resection  of  the  tenth  rib,  and  a  laceration  of  the  lower  lobe  of  the  right 
lung  was  sutured.  The  diaphragm  was  perforated  and  the  liver  lacerated;  the  missile  lay 
in  the  tear.  Insp(H*tion  of  the  duodenum,  hepatic  flexure,  and  kidney  revealed  no  further 
damage.  The  wound  in  the  liver  was  drained  subdiaphragmatically  before  the  diaphragm 
was  closed  with  two  layers  of  interrupted  silk  sutures.  The  patient  was  in  good  condition 
when  he  was  evacuated  on  the  sixth  postoperative  day. 

Comment. — This  case  is  one  of  17  right-sidcal  thoracoabdominal  lesions,  12  of  which 
were  handled  satisfactorily  by  the  transthoracic  approach. 

Case  5.— This  soldier  was  received  in  a  field  hospital  with  a  blood  pressure  of  90/50 
mm,  Hg  and  a  pulse  of  140,  after  having  sustained  a  gunshot  wound  of  the  left  chest  and 
abdomen.  lie  had  received  500  cc.  of  plasma  before  admission.  No  respiratory  difficulty 
was  apparent,  and  breath  sounds  were  present,  though  somewhat  diminished  on  the  left. 
The  abdomen  was  spastic  and  moderately  tender.  He  complained  of  suprapubic  pain. 

The  wound  of  entrance,  which  was  1.5  cm.  in  diameter,  was  in  the  seventh  interspace 
anteriorly,  2  inches  from  the  midline.  The  ragged  wound  of  exit,  7.5  cm.  in  diameter,  was 
in  the  ninth  interspace,  just  medial  to  the  posterior  axillary  line.  Aspiration  of  the  left 
chest  produced  about  30  cc.  of  blood  and  a  small  amount  of  air. 

After  a  plasma  transfusion  of  500  cc.  had  been  given,  a  blood  transfusion  was  started 
and  ether-oxygen  anesthesia  induced.  A  subcostal  laparotomy  incision  was  made.  Ex¬ 
ploration  revealed  approximately  800  cc.  of  blood,  mixed  with  gastric  contents,  in  the 
peritoneal  cavity.  The  stomach  was  greatly  distended.  The  lesser  peritoneal  cavity  was 
not  involved.  The  spleen  was  lacerated,  and  a  perforating  wound  was  found  in  the  cardia. 
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Tli('  womids  of  oiitriiiiee  and  exit  in  the  cardia  were  closed  in  two  layers  with  chromic 
catgut  hy  the  inverting  technique,  ^^dlen  the  spleen  was  delivered,  a  (hem.  sucking  lacera¬ 
tion  of  the  posterior  portion  of  the  diaphragm  l)ecame  evident.  It  was  closed  with  difficulty 
after  the  sideen  had  heen  removed.  xViiother  nonsucking  laceration  of  the  diaphragm  was 
easily  repaired.  The  abdomen  was  closed  in  layta’s. 

The  patient's  condition  was  not  satisfactory  at  any  time  during  the  l)()-niinnte  procedure, 
and  he  di(al  while  the  skin  sutures  were  being  instated.  At  no  time  did  the  blood  pressure 
j'ise  ahove  bO/(i()  mm.  Hg,  in  spite  of  the  continuous  administration  of  hlood,  and  there  was 
a  gradual  decrease  in  pressure  during  the  last  80  minutes  of  the  operation. 

— The  tii'st  (UTor  made  in  this  case  was  failure  to  have  an  endotrat'heal  tube 
in  place  before  tlu‘  abdomen  was  opened.  The  large  sucking  perforation  of  tlu^  diaphragm 
was  not  apparent  until  the  lacerated  sph^en  was  delivered  and  its  tani[)onade  effect  (ni  the 
diai)hragm  was  lost,  Excc'pt  for  the  apidication  of  an  imdfectivi^  gauze  pack,  tbe  diaphrag¬ 
matic  laceration  had  to  be  ignored  until  si)lenectomy  was  completed.  Most  of  the  operating 
time  was  spent  in  accomplisbing  a  difficult  diaphragmatic  closure.  The  sudden  collapse 
of  tile  left  lung  was  more  than  an  already  shocked  palient  could  tolerate.  Had  endotra- 
cluail  anesthesia  be<m  used,  with  facilities  for  maintaining  positive  intrapulmonic  pres.sure 
during  operation,  jmimonary  collapse  would  not  have  occurred.  The  major  error  of  man¬ 
agement  was  not  to  employ  tbe  transthoracic  approach,  through  which  th(‘  (oitire  procedure 
could  have  been  carried  out  with  a  great  rcaluction  in  risk. 


EXPEPJENCE  OF  THE  2D  AUXILIARY  SURGICAL  GROUP 

The  World  War  II  experience  of  the  2(1  Auxiliary  Siiro-ical  Group  in  the 
^Mediterranean  tlieater  included  90d  tlioracoalxioininal  wounds,  2-IT  of  which 
were  fatal.  These  wounds  were  encountered  chiefly  during  lOd-l  and  1015,  but 
08  wounds,  25  of  which  were  fatal,  were  ohser\'ed  in  lOIo.  Duriino-  the  same 
10-1-O-I5  period,  the  teams  of  this  group  encountered  1,:U)I  tlioi-acic  Avounds. 
Thoracoabdominal  Avoimds  thus  accounted  for  almost  10  x)ercent  of  all  Avounds 
of  tlie  chest. 

Certain  data  concerning  these  OOd  thoracoabdominal  Avoimds  have  been 
cited  in  the  preceding  pages.  Additional  data,  and  certain  conclusions  Avhich 
can  be  draAvn  from  them,  follow. 


General  Data 

The  great  majority  of  these  casualties  were  U.S,  Army  infantrymen,  Avith 
Wehrmacht  prisoners  of  Avar  accounting  for  the  next  largest  group.  The  fig¬ 
ures  also  cover  some  British  and  French,  soldiers  and  a  fcAv  civilian  casualties. 

The  age  factor  Avas  of  little  significance,  as  the  great  majority  of  the 
patients  Avere  young,  healthy  males.  In  the  T(>2  cases  in  Avhich  the  age  Avas 
recorded,  there  Avere  only  4  patients  over  40  years  of  age.  There  were  100 
casualties  20  years  of  age  and  under;  207  in  the  21-  to  25-year  group ;  170  in  the 
26-  to  60-year  group :  and  05  in  the  61-  to  40-year  group. 

Artillery  and  mortar  fire  Avas  responsible  for  500  of  the  006  Avounds,  and 
rifle,  macliinegun,  and  pistol  fire  for  245.  The  remaining  AAmunds  Avere  caused 
by  bombs,  mines,  and  grenade  fragments. 
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In  837  cases,  the  missiles  entered  the  abdomen  throngli  the  tliorax.  In  the 
otlier  66  cases,  they  entered  the  abdomen  and  then  penetrated  the  diaphragm. 
In  418  cases,  the  wonnds  were  on  tlie  right  side  and  in  419  on  the  left  side.  In 
20  cases  in  Ayhich  both  diaphragms  were  perforated,  the  wound  of  entry  was 
on  the  right  in  7  and  on  the  left  in  13.  Xo  information  is  available  on  this 
point  in  the  remaining  46  cases, 

Timelag 

There  was  no  record  of  the  timelag  in  49  cases,  11  of  which  Avere  fatal. 
In  the  854  cases  in  Avhich  information  on  this  point  is  available,  it  varied  from 
less  than  an  hour  to  more  than  30  hours  (table  8) . 

At  first  glance,  the  high  mortality  rate  in  the  group  in  which  the  timelag  Avas 
shortest  might  seem  to  invalidate  the  concept  that  the  earlier  a  casualty  Avith 
a  thoracoabdominal  Avound  could  be  operated  on,  the  better  aatic  his  chances. 
It  does  not.  The  high  rate  reflects  the  fact  that  the  nearer  the  frontline  a  field 
hospital  is  set  up,  tlie  more  casualties  aaOU  be  brought  to  it  aaOio  Avill  die  there 
rather  than  on  the  battlefield.  This  Avas  particularly  true  on  the  Anzio  beach¬ 
head,  Avhen  both  field  and  evacuation  hospitals  Avere  A-ery  far  forAvard  because 
the  sector  occupied  Avas  too  small  for  them  to  be  placed  farther  back.  On  the 
beachhead,  one  patient  died  of  an  injuiy  of  the  portal  vein,  and  fiA^e  died  of 
injuries  of  the  A^ena  cava,  in  hospitals.  If  the  evacuation  distance  had  been 
longer,  they  Avould  not  have  reached  them  ali  ve. 

There  Avere  8  deatlis  in  the  34  casualties  avIio  came  to  operation  30  hours  or 
more  after  AA^ounding.  Two  had  AA^ounds  of  the  liver,  three  Avounds  of  the  spleen, 
and  one  a  Avound  of  the  kidney.  In  the  two  remaining  cases,  the  missile  pene¬ 
trated  the  peritoneal  cavity  Avithont  damage  to  any  Auscera. 

Surgical  Approach 

The  transthoracic  approach  Avas  used  in  448  of  these  903  thoracoabdominal 
injuries  (table  9).  In  86  patients  in  this  group,  surgery  Avas  limited  to  tho¬ 
racotomy,  exploration,  removal  of  foreign  bodies,  or  simple  retroperitoneal 


Table  S.- — Case  fatality  rate  according  to  timelag  in  854  thoracoabdominal  injuries  ^ 


Timelag 

Cases 

Deaths 

Percent 

To  6  hours  _ 

221 

64 

28.  9 

To  12  hours.  _  _  .... 

400 

9G 

24.  0 

To  IS  hours.  ________ 

122 

39 

31.  9 

To  24  hours  _  _  _ 

54 

20 

37.  0 

To  30  hours. 

23 

9 

39.  1 

Over  30  hours 

34 

8 

23.  5 

Total  ... 

854  1 

236 

27.  6 

1  In  49  of  the  903  cases  in  tliis  scries,  there  was  no  record  of  tiic  timelag.  Tliere  wore  11  fatalities  in  tins  group. 
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Table  9. — Case  fatality  rate  according  to  surgical  'procedure  in  903  thoracoabdominal  ivounds 


Procedure 

Cases 

Deatlis 

Percent 

Transdiaphragmatic  laparotoniA'  _ _  .. 

448 

91 

20.  3 

Laparotoniv  _  _ 

202  ' 

77 

38.  1 

ThoracotoniA"  and  laparotoniA^. 

144 

36 

25.  0 

LaparotoniA'  and  tlioracotomv  _ _  -  -  _  - 

74 

26 

35.  1 

Transdiapliragmatic  laparotoinv  and  laparotomy^ 

20  1 

7 

35.  0 

Tlioracolaparotoinv 

G  ■ 

3 

50.  0 

Xo  surgery  _  _ _ _ -  _ 

3 

1 

33.  3 

Death  during  surgerA' 

6 

6 

100.  0 

Total _ 

903 

247 

27.  4 

1  In  tliis  technique,  the  thoracic  incision  was  extended  onto  the  al)donion  over  the  chondral  arch. 


drainage.  In  the  remaining  362  cases,  tlie  entire  abdominal  procedure,  which 
in^'olved  surgery  on  31  different  combinations  of  organs,  was  perfoimed  through 
the  chest  incision. 

In  202  other  cases,  the  entire  procedure  Avas  abdominal. 

A  comparison  of  the  case  fatality  rates  in  tlie  injuries  liandled  by  the  trans¬ 
thoracic  approach  and  those  handled  by  the  abdominal  approach,  20.3  percent 
A^ersus  38.1  percent,  might  suggest  the  far  greater  superiority  of  the  transtho¬ 
racic  approach.  These  data  should  not  be  so  construed.  The  results  in  the 
indiAudual  case  depended  upon  the  magnitude  of  the  abdominal  and  thoracic 
problems  (table  T).  Generally  speaking,  Iioaatati*,  the  results  AA^ere  better  if 
the  thoracotomy  approach  Avas  used  for  perforating  Avomids  in  the  upper  zone 
of  the  left  diaphragm  or  penetrating  AAmunds  in  Avhich  roentgenograms  shoAA'ed 
that  the  missile  lay  AA'ithin  the  area  of  the  dome  of  the  diaphragm. 

Factors  of  Mortality 

General  considerations. — The  gross  case  fatality  rate  for  the  903  thoraco¬ 
abdominal  injuries  cared  for  by  surgeons  of  the  2d  Auxiliary  Surgical  Grouj^ 
was  27.4  percent  (247  deaths).  These  figures  are  for  first  priority  hospitals, 
in  AA'hich  the  postoperatAe  stay,  though  it  Aairied  from  a  feAA"  days  to  as  long 
as  18  days,  AA^as  usually  from  7  to  10  days. 

Conditions  in  theaters  of  operatioiis  made  it  extremely  difficult  to  deter¬ 
mine  the  end  results  of  forAA^ard  surgery.  Keports  from  eALacuation  and  base 
hospitals  AA^ere  all  to  the  effect  that  patients  operated  on  in  field  hospitals  did 
AA^ell  after  they  reached  hospitals  farther  to  the  rear.  It  is  i>robable,  therefore, 
that  a  more  complete  folio AAUip  AAmuld  not  haA^e  materially  altered  the  case 
fatality  rates  in  forAAuxrd  hospitals. 

There  Avas  an  interesting  and  probably  significant  decrease  in  the  case  fatal¬ 
ity  rates  of  thoracoabdominal  injuries  as  time  passed: 

In  1943,  there  AA^ere  25  deaths  in  68  cases,  36.8  percent. 
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Between  January  and  June  1944,  there  were  84  deaths  in  243  cases,  34.6 
percent. 

Between  July  and  December  1944,  there  were  98  deaths  in  392  cases,  25.0 
percent. 

l^etween  January  and  the  first  week  in  ^lay  1945,  when  tlie  war  ended, 
there  Avere  40  deaths  in  200  cases,  20.0  percent. 

The  decreasing  case  fatality  rate  in  the  latter  half  of  1944  and  1945  coin¬ 
cided  Avith  the  introduction  of  penicillin.  Antibiotic  therapy  undoubtedly 
played  a  part  in  the  improATment.  Another  explanation  of  the  improA^ement 
is  applicable  to  the  first  half  of  1944,  the  establishment  of  a  theater  blood  bank 
and  the  increasingly  liberal  use  of  AA'hole  blood. 

Surgeons  in  the  theater,  liOAA^eA^er,  belieA^ed  that  the  improA^ement  in  the 
case  fatality  rate  could  reasonably  be  assumed  to  be  a  reflection  of  their  greater 
knoAvledge  and  experience  in  dealing  AAuth  these  AA’Ounds;  a  greater  appreciation 
of  the  implications  of  the  thoracic  component  and  the  complications  AAdiich 
could  arise  from  it;  a  greater  facility  on  the  part  of  indiAudual  surgeons  and 
anesthesiologists  (the  so-called  learning  cuiwe)  ;  and  a  keener  appreciation  of, 
and  greater  attention  to,  details  of  resuscitation  and  of  preoperatiA^e  and  post- 
operatiA'G  care. 

Effect  of  thoracic  and  abdominal  components  of  wound.— When  the 
mediastinum  AAais  injured,  the  case  fatality  rate  AA\as  54  percent.  Other AA’ise, 
it  AA'as  impossible  to  discoATr,  from  a  study  of  these  cases,  exactly  AAdiat  effect 
the  chest  component  of  the  AA'ound  had,  beyond  the  far-reaching  influence  of 
cardiorespiratory  disturbances  that  AA’ere  not  promptly  corrected. 

With  these  exceptions,  there  aauxs  no  doubt  that  the  most  lethal  part  of  tlie 
AYOund  Avas  the  abdominal  component.  The  precise  organs  injured  and  the 
number  of  injuries  beloAA^  the  diaphragm  AAxre  reflected  in  the  mortality  rates 
(table  T).  Wounds  of  IioHoaa^  Adscera  carried  a  much  higher  rate  than  aa^ouiicIs 
of  solid  viscera,  though  an  occasional  fatality  Avas  caused  by  an  overlooked 
Avound  of  a  solid  auscus. 

The  number  of  organs  injured  also  played  an  important  role.  Wounds  of 
five  or  more  viscera  Avere  uniATrsally  fatal.  These  subjects  are  discussed  in 
more  detail  in  the  volume  in  this  series  deAmted  to  abdominal  injuries  (i). 

Anatomic  considerations.— The  side  on  AAdiich  the  injury  Avas  located 
played  a  part  in  the  mortality  rate,  for  anatomic  reasons.  The  figures  are  as 
folloAA’S : 

Perforations  of  the  right  diaphragm,  435,  Avitli  103  deaths  (23.6  percent). 

Perforations  of  the  left  diaphragm,  448,  Avith  136  deaths  (30.8  percent). 

Bilateral  perforations,  20,  Avith  8  deaths  (40  percent) . 

Anatomic  reasons  are  also  connected  Avitli  the  case  fatality  rates  for  herni¬ 
ation  of  the  abdominal  viscera  into  the  chest  cavity.  In  the  5  instances  of 
eAusceration  into  the  right  pleural  caAdty  there  Avere  2  deaths,  against  13  deaths 
in  35  herniations  through  the  left  diaphragm. 
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Time  of  death.— Tlie  day  of  death  was  recorded  in  234  of  the  247  fatalities : 

1.  Tliere  were  154  fatalities  in  the  first  48  liours,  includino-  49  deaths 
on  the  operating  table  (40  from  shock,  4  from  hemorrhage,  3  from  atelectasis, 
and  1  each  from  cardiac  tamponade  and  vagoAnigal  reflex  during  broncho- 
scopy).  All  but  13  of  tlie  130  deaths  from  shock  occurred  Avithiu  this  period. 
Tlie  case  fatality  rate  could  be  directly  related  to  the  degree  of  shock  in  AAdiich 
the  casualties  AAxre  receiA^ed: 

Xo  signs  of  sliock,  145  patients,  8  deaths  (5.5  percent). 

Mild  shock,  75  patients,  10  deaths  (13.0  percent). 

Moderate  shock,  174  patients,  31  deaths  (17.5  percent), 

SeA-ere  sliock,  275  patients,  164  deaths  (50.6  percent). 

There  is  no  record  of  the  degree  of  shock  in  the  remaining  234  cases,  in 
Avhich  there  AA'ere  34  deaths  (14.5  percent). 

In  addition  to  sliock,  chiefly  due  to  blood  loss,  deaths  early  in  the  post- 
ojieratiA^e  period  AA’ere  caused  by  uncorrected  (occasionally  irreA-ersible)  dis¬ 
turbances  of  cardiorespiratory  physiology,  OA^erAAdielming  contamination  and 
infection  of  the  peritoneal  and  jdeural  caA\ities  and  retroperitoneal  space,  and 
massiAT.  tissue  destruction. 

2.  There  Avere  28  deaths  betAveen  the  third  and  fifth  days.  Of  these,  13 
AA’ere  due  to  renal  failure,  as  eAndenced  by  oliguria  and  anuria  (Ami.  I)  ;  jieri- 
tonitis  and  pneumonia  Avere  the  next  most  frequent  causes. 

The  22  deaths  from  peritonitis  occurred  betAA'een  the  day  of  operation  and 
the  10th  postoperatiAT.  day.  The  fact  that  17  had  occurred  by  the  end  of  the 
third  day  is  CAudence  of  the  catastrophic  effect  of  the  so-called  contamination 
type  of  peritoneal  infection,  Avith  sudden,  massiAm  soiling  of  the  caAnty. 

3.  There  Avere  10  deaths  from  pulmonary  embolism,  all  betAA’een  the  day 
of  operation  and  the  11th  postoperatiAm  day;  6  occurred  AAnthin  the  first  72 
hours. 

Other  occasional  causes  of  death  included  missed  perforations  of  IioHoaa^ 
Auscera,  mismatched  blood,  blast  injury,  mediastinitis,  empyema,  fat  embolism, 
pressure  pneumothorax  with  bronchopleural  fistula,  liver  death,  clostridial 
myositis,  disruption  of  the  diaphragm,  morphinism,  and  meningitis. 

Associated  Avounds.— Mounds  in  other  ^^^rts  of  the  body  accounted  for 
some  of  the  247  deaths  in  this  series  or  played  an  important  part  in  the  fatality. 
Of  the  385  associated  Avounds,  161  Avere  classified  as  mild,  and  the  34  deaths  in 
this  group  (21.1  percent)  can  probably  be  attributed  entirely  to  the  thoraco¬ 
abdominal  AAmunds.  The  same  reasojiing*  perha2:)S  holds  for  the  major itA^  of 
the  129  associated  injuries  of  moderate  severity,  in  Avhich  there  Avere  33  deMhs 
(25.6  percent).  In  the  95  associated  injuries  classified  as  seA^ere,  there  Avere 
36  deaths  (37.9  percent).  There  can  be  no  doubt  that  in  many  instances  in 
this  group  the  associated  injuries  played  an  im2:)ortant  role,  if  not  the  major 
role,  in  the  fatality.  Among  these  95  seA^ere  associated  AAmunds  there  AA^ere: 

26  cord  injuries,  Avith  16  deaths. 

7  brain  injuries,  Avith  1  death. 
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15  fractures  of  the  femur,  Avith  4  deaths. 

9  traumatic  amputations,  Avitli  3  deaths. 

8  other  abdominal  (not  thoracoabdominal)  Avounds,  AAUth  4  deaths. 

The  influence  of  seA^ere  associated  Avounds  is  eA^ident  in  a  casualty  cared 
for  l)y  Maj.  (later  Lt.  Col.)  ReeA^e  H.  Betts,  MC.  This  AA^as  the  only  casualty 
AAnth  a  thoracoabdominal  AAmund  to  die  before  operation  in  the  29  such  injuries 
handled  by  his  team.  This  soldier  had  a  right  traumatic  thoracotomy,  a  left 
thoracoabdominal  AA'ound,  a  traumatic  amputation  of  the  right  arm,  and  a  se- 
A^ere  AA’ound  of  the  right  thigh.  In  spite  of  Augorous  attempts  at  resuscitation, 
including  the  administration  of  5()()  cc.  of  plasma  and  3,500  cc.  of  blood,  his 
blood  pressure  AA'as  neA^er  obtainable,  and  he  died  5  hours  after  AAmunding. 

It  might  be  added  that  associated  AA^oimds,  in  addition  to  the  part  they 
played  in  the  case  fatality  rate  of  thoracoabdominal  AAmunds,  also  played  a 
major  role  in  their  morbidity.'^ 
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^  The  reader  is  referred  to  chapter  XI  (p.  441)  for  long-term  followup  studies  on  casualties  with 
thoracoabdominal  wounds. 


746-941'-— Go - 12 


COMPLICATIONS  OF  WOUNDS 
OF  THE  CHEST 


CHAPTER  IV 


Complications  and  Sequelae 


Thomas  H,  Bur  ford,  M.D, 

Except  for  Iavo  or  tliree  iiiiiiiedijite  complications,  siicli  as  tension  pneiiino- 
tliorax,  Iiemorrhage,  and  acute  gastric  dilatation,  almost  any  of  the  complica¬ 
tions  of  Avonnds  of  the  chest  might  occur  at  any  time  after  Avounding.  It  Avas 
therefore  necessary  to  be  on  the  watch  for  them,  and  to  try  to  forestall  their 
occurrence,  at  all  times. 

While  the  attempt  to  separate  them  chronologically  is  someAvhat  academic, 
the  complications  of  chest  Avonnds  may  be  diA^ided,  generally  speaking,  into 
(1)  early  and  (2)  late  or  delayed  complications  as  folloAVS : 

Early  complications  included  tension  jmeumothorax,  hemorrhage,  acute 
gastric  dilatation,  emphysema,  pulmonary  edema,  atelectasis,  hematoma  of  the 
lung,  bronchopleural  fistida  (Avhich  sometimes  Avas  persistent),  Avound  disrup¬ 
tion,  clostridial  myositis,  and  chylothorax. 

Delayed  complications  included  abscess  of  the  lung,  pneumonitis  and  pneu¬ 
monia,  chronic  parietal  sinuses,  defects  of  the  chest  aa^tII,  adhesiA^e  pleuritis 
(infolded  lung),  traumatic  osteomyelitis,  and  abscess  of  the  mediastinum. 

The  important  sequelae  of  chest  injuries  in  World  War  II  Avere  diaphrag¬ 
matic  hernia,  hernia  of  the  lung,  and  a  group  of  residual  symptoms,  of  Avhich 
pain  and  dyspnea  Avere  the  most  prominent. 


TENSION  PNEUMOTHORAX 
General  Considerations 

Pathogenesis. — Tension  or  pressure  pneumothorax  might  be  of  four 
origins  (figs.  42  and  43)  : 

1.  It  might  result  from  a  pulmonary  laceration  in  Avhich  a  tangential  open¬ 
ing  in  the  lung  acted  as  a  check  Active,  so  that,  during  inspirations,  gradually 
increasing  amounts  of  air  AAxre  trapped  in  the  pleural  cavity.  The  flap  of 
lung  preA  ented  the  escape  of  air  into  the  bronchial  tree  on  expiration.  Most 
tension  pneumothoraces  Avere  of  this  origin. 

2.  It  might  result  from  small  perforating  associated  Avounds  of  the  sub¬ 
glottic  larynx  or  the  cer\'ical  trachea.  In  the  latter  type  of  Avound,  air  dis¬ 
sected  along  the  fascial  planes  to  the  mediastinum  and  might  break  into  one 
or  both  subcaAuties.  Tension  pneumothorax  of  this  origin  Avas  infrequent. 
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Figtjkk  42.— ratliologic  pliy.siolo^y  of  tonsion  piieuiuo- 
tliorax.  A.  riiouinolliorax  of  moderate  extent.  A«  air 
escapes  into  the  pleural  cavity,  the  affected  lung  collapses, 
and  there  is  moderate  mediastinal  shift  to  the  unaffected 
side.  B.  Tension  pneumothorax.  The  uninvolved  lung,  as 
well  as  the  involved  lung,  is  now  collapsed,  as  the  result  of 
mediastinal  shift  to  the  uninvolved  side.  Shock  increases  as 
the  result  of  collapse  of  the  superior  and  inferior  venae  cavae, 
and  because  of  the  decreased  venous  return  to  the  heart 
associated  with  the  marked  mediastinal  shift. 
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Eiouki]  4:L— Tension  i)nenmolliorax  of  various  origins.  A. 
Tension  pinuunolhorax  resuliing  from  laceration  of  cervical 
trachea  and  iiKHliastinal  pleura,  showing:  I.aceration  of  cervi¬ 
cal  trachea  (a),  laceration  of  mediastinal  pleura  (b),  tension 
pneumothorax  (c),  collapsed  lung  (d),  shift  of  heart  (e),  sub¬ 
cutaneous  emphysema  (f),  and  partial  collapse  of  contralateral 
lung  (g).  .P>.  Tension  pneumothorax  resulting  from  sucking 

wound  of  valvular  type,  showing :  Valvular  sucking  wound  of 
chest  wall  (a),  tension  pneumothorax  (b),  collapsed  lung  (c), 
cardiac  shift  to  intact  side  (d),  and  partial  collapse  of  contra¬ 
lateral  lung  (e). 
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Fxguhi-:  48.— Coiil  iinuMl.  C.  Tension  i)n(niinotli()rax  resnltini; 
from  pulmonary  lacorat  ion  folloAving  i)<i(‘kin5>-  of  slicking’  ivouiuk 
showing:  Sucking  wound  with  airtight  packing  (a),  laciwa- 
tion  of  lung,  permitting  egr(‘ss  of  air  into  phairnl  cavity  (b), 
collapse  of  the  lung  (c),  cardiac  shift  to  intact  side  (d),  and 
partial  collapse  of  contralateral  lung  (e). 


3,  It  might  result  from  tlte  ingress  of  air  tlirougli  tlie  tlioracic  wall  in  a 
sucking  wound. 

4.  It  might  follow  the  emergency  closure  of  a  sucking  wound  in  forward 
areas,  Avithout  provision  for  release  of  trapped  air  or  the  continued  escape  of 
air  into  the  pleural  caAnty. 

An  occasional  tension  pneumothorax  occurred  during  operation  for 
thoracoabdominal  avouiuIs  (p.  103). 

Incidence. — Tension  pneumothorax  as  the  result  of  trauma  Avas  encountered 
only  infrequently  in  forivard  hospitals,  though  it  Avas  someAvhat  more  common 
as  a  postoperati\T  or  posttherai)eut ic  complication.  Its  infrequenc}^  is  evident 
in  the  statistics  of  the  i^d  Auxiliary  Surgical  Grout).  It  Avas  encountered  by 
tliis  Group  only  11  times  in  its  2,267  thoracic  and  thoracoabdominal  injuries. 
It  is  doubtful,  furthermore,  that  all  of  these  11  cases  were  examples  of  true  ten¬ 
sion  pneumothoraces,  since  the  valvelike  mechanism  that  produces  it  and  that 
permits  easy  ingress,  but  difficult  egress,  of  air  Avas  not  ahvays  found.  In  occa¬ 
sional  cases  in  Avhich  air  Avas  found  under  more  than  normal  pressure,  or  even 
al)ove  atmospheiic  pressure,  the  explanation  Avas  usually  either  compression  of 
air  by  intrapleural  bleeding  or,  most  often,  the  irregular,  splinting  type  of  res- 
])i ration  that  Avas  the  result  of  pain  in  the  chest  Avail. 
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Tlie  infrequency  of  pressure  pneumotliorax  probably  has  several  explana¬ 
tions  : 

1.  The  preponderance  of  shell-fragment  woiinds,  which  resulted  in  a  pre¬ 
ponderance  of  large  defects  of  the  chest  wall.  For  physical  reasons,  air  could 
not  be  entrapped  in  the  chest  in  such  Avounds. 

2.  The  routine  application  of  occlusive  dressings  tightly  enough  to  end 
the  sucking  or  bloAving  etlect  of  the  open  chest  AA^ound  but  not  so  tightly  that  a 
tension  piieuinothorax  Avas  built  up. 

3.  The  almost  routine  use  of  a  flapper-Amlve  decompressive  catheter  in 
collecting  stations  or  battalion  aid  stations. 

4.  The  excellent  screening  of  inductees  in  World  War  II,  as  a  result  of 
Avhich  preexistent  restricting  pleural  adhesions,  Avhich  Avere  rather  frequent  in 
World  War  I  soldiers,  Avere  extremely  uncommon. 

The  majority  of  tension  pneumothoraces  obseiwed  in  World  War  II  resulted 
from  continued  leakage  of  air  from  the  lacerated  pulmonary  parenchyma.  If 
such  a.  laceration  existed  and  Avas  leaking  air,  closure  of  the  external  chest  Avound 
coiiA'crted  the  open  pneumothorax  into  a  progressive  tension  pneumothorax. 
This  type  of  tension  pneumothorax  Avas  also  uncommon,  possibly  because  bleed¬ 
ing  from  the  pulmonarA"  laceration  usuallA-  stopped  promptly  and  the  hematoma 
that  surrounded  the  torn  parenchyma  produced  a.  sufficient  area  of  nonaei’ation 
to  limit  the  amount  of  air  that  reached  the  pleural  cavity  until  the  laceration 
Avas  sealed  over  by  natural  processes. 

Continued  leakage  of  air  occasionally  had  unusual  explanations.  A  re¬ 
tained  missile  might  oiler  a  physical  obstacle  to  natural  closure  of  the  air  leak 
in  the  lung  (fig.  44),  or  there  might  be  a  leak  through  a  laceration  in  one  of  the 
larger  bronchi.  Tavo  unusual  cases  of  tension  pneumothorax  Avere  observed 
by  surgeons  of  the  2d  Auxiliary  Surgical  Group : 

In  one  case,  the  tension  pneumothorax  developed  from  a  perforating  Avound 
of  the  subglottic  larynx :  the  air  dissected  the  fascial  planes  of  the  mediastinum 
and  perforated  into  the  pleura.  Tracheotomy  Avas  necessary  to  short  circuit 
the  column  of  air. 

In  the  other  case,  an  instance  of  crushing  injury,  the  patient  sustained 
AA^ounds  of  the  loAver  esophagus,  mediastinum,  diaphragm,  and  stomach,  and  the 
air  in  the  pleural  caAdty  Avas  SAvalloAATd  air. 

An  occasional  tension  pneumothorax  Avas  of  extreme  degree  (fig.  45). 
That  it  could  be  survived  Avas  striking  proof  of  the  tremendous  respirator}’ 
reserve  of  the  young,  AA’ell-conditioned  fighting  men  aaIio  made  up  the  battle 
casualties. 

Clinical  picture.^ — ^Extrerae  dyspnea  Avas  the  most  prominent  symptom  of 
tension  pneumothorax.  The  patient  preferred  to  sit  upright  or  semierect.  Ilis 
Avorried,  anxious  expression  indicated  that  he  Avas  fighting  for  breath. 
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FiGUiiE  44. — -I’ro'ssnro  (ti'iisioii)  itiK^uniolliorcix.  A.  I’osi  (‘roaiitorior  rooiit- 
geiiogram  sliowiiig  prossiii'i'  piuniiiiodionix  ol'  luodenUe  di^grcc  with  retained 
foreign  body.  1>.  Same  24  lionrs  later,  showing  prompt  roi^xpansion  of  injured 
lung.  Leakage  of  air  continued,  howeym*.  and  thoracotomy  5  days  after 
wounding  showed  that  tlu'  presence  of  the  missile  offiu't'd  a  physical  obstacle 
to  natural  closure.  It  was  lying  in  the  piuaplu'ry.  only  partly  embedded  in 
the  pulmonary  parenchyma.  Th(‘  catheter  functioned  well,  though  it  had  been 
introduced  farther  than  was  lU'ci'ssary.  Opi'ration  was  performed  without  dif- 
liculty  on  the  totally  etiuilibrated  patient,  and  recovery  was  prompt. 
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PiGUEE  45— Lateral  roentgenogram  showing-  extreme  degree  of  pressure 
pneumothorax  with  mediastinal  shift.  This  patient  recovered  without 
complications  after  reduction  of  the  tension  pneumothorax. 

Cyanosis,  -wliich  might  not  be  present  originally,  became  increasingly  prominent 
as  mediastinal  shift  caused  interference  with  cardiac  action.  The  veins  of  the 
neck  also  became  prominent.  Physical  examination  revealed  hyperresonance 
of  the  involved  hemithorax,  with  absence  of  breath  sounds  (the  so-called  silent 
resonant  chest)  and  a  shift  of  the  heart  and  mediastinum  to  the  opposite  side. 


Management 

Tlie  emergency  management  of  tension  pneumothorax  has  been  discussed 
under  resuscitation  (vol.  I). 

If  emergency  measures  were  not  required  (that  is,  if  the  compression  of 
the  lung  did  not  exceed  25  or  30  percent  and  if  dyspnea  were  not  a  feature), 
tlie  practice  was  merely  to  observe  the  patient  carefully  for  10  to  14  days.  In 
most  instances,  pulmonary  reexpansion  had  occurred  by  this  time,  and  no 
treatment  was  necessary. 

In  cases  of  any  consequence,  pneumothorax  was  best  handled  by  the  prompt 
insertion  of  a  water-seal  intercostal  catheter  of  sufficient  size  (30-36  F.)  to 
produce  immediate  decompression  of  the  chest.  As  a  rule,  this  procedure  was 
followed  by  prompt  reexpansion  of  the  lung  (fig.  46),  without  which  neither 
resuscitation  nor  recovery  could  insure. 
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HEMORRHAGE 

Incidence 

There  is  surprisingly  little  discussion  in  the  military  literature  of  hemor¬ 
rhage  caused  by  wounds  of  the  chest.  The  explanation  is  probably  threefold : 

1.  Casualties  with  bleeding  from  one  of  the  vessels  in  the  pulmonary  hilus 
or  from  the  other  great  vessels  of  the  thorax  or  from  the  heart  usually  died  on 
tlie  battlefield  or  in  the  battalion  aid  station.  They  seldom  survived  to  reach 
a  field  hospital. 

2.  Bleeding  from  other  vessels  of  the  chest  was  not  usually  a  problem, 

3.  Another  explanation  of  the  infrequency  of  severe  bleeding  in  chest 
wounds  Avas  that  the  first  effect  of  parenchymal  bleeding  into  the  pleural  cavity 
Avas  compression  of  the  lung.  In  many  instances,  liemothorax  had  the 
mechanical  effect  of  ending  the  hemorrhage  by  compressing  the  blood  vessels. 

There  Avere,  of  course,  exceptions  to  the  generalization  that  all  casualties 
Avith  bleeding  from  the  major  thoracic  A'cssels  died  promptly.  In  the 
Mediterranean  theater,  survivals  Avere  recorded  after  lacerations  of  the  azygos 
and  hemiazygos,  and  eA^en  after  a  laceration  of  the  superior  vena  cava,  but  they 
Avere  most  unusual. 

Tavo  casualties  Avith  vascular  injuries  of  magnitude  Avere  observed  by  Maj, 
(later  Lt.  Col.)  Paul  C.  Samson,  MC,  in  a  field  hospital.  In  the  first  case, 
a  laceration  of  the  right  innominate  Anin  aauis  controlled  by  packing,  but  death 
folloAved  a  inassiA^e  recurrence  of  the  hemorrhage  24  hours  later.  The  second 
patient  presented  massive  bleeding  at  the  left  apex,  presumably  from  the  sub¬ 
clavian  Anin.  His  condition  Avas  critical,  but  rapid  reflection  of  the  clavicle 
permitted  the  blind  placement  of  mass  ligatures  and  control  of  the  hemorrhage 
before  he  became  exsanguinated.  Recovery  ensued  but  Avas  com^Alicated  by  a 
serious  pleural  infection. 

Severe  bleeding  in  chest  Avounds  observed  at  field  hospitals  most  often 
arose  from  one  of  the  systemic  vessels,  such  as  the  intercostal,  the  pericardio¬ 
phrenic,  or  the  internal  mammary  A^essels.  The  most  serious  hemorrhages  oc¬ 
curred  from  the  internal  mammary  and  the  intercostal  vessels,  from  both  of 
Avhich  it  Avas  likely  to  be  brisk.  On  the  other  hand,  Avhile  complete  division 
of  these  or  aiiy  other  thoracic  vessels  might  cause  severe  intrapleural  hemor¬ 
rhage,  it  Avas  unusual  to  find  active  bleeding  at  operation,  eA-en  if  from  1,000  to 
2,000  cc.  of  blood  had  previously  been  aspirated  from  the  chest.  The  explana¬ 
tion  Avas  physiologic:  The  reduction  in  blood  pressure  caused  by  the  blood  loss 
and  the  subsequent  reduction  in  blood  volume  had  alloAved  the  vessels  to  retract 
and  become  sealed  off.  The  most  frequent  source  of  bleeding  at  operation  Avas 
an  intercostal  artery  that  had  been  incompletely  diAuded  and  therefore  Avas  un¬ 
able  to  retract. 

The  actual  infrequency  of  serious  bleeding  in  thoracic  Avounds  is  evident  in 
the  analysis  of  200  penetrating  and  perforating  Avoimds  of  the  chest,  including 


154 


THORACIC  SURGERY 


55  thoracoabdominal  Avounds,  observed  in  forward  hospitals  by  Maj.  (later  Lt. 
Col.)  Lawrence  M.  Shefts,  MC,  and  Capt.  (later  Maj.)  Ernest  A.  Doud,  MC. 
Active  bleeding  from  the  intercostal  arteries  was  found  at  operation  10  times 
and  from  the  internal  mammary  arteries,  from  the  mediastinal  A^essels,  and 
from  the  heart  in  2  cases  each.  This  is  a  combined  frequency  of  8  percent. 

It  had  previously  been  the  practice  of  tliese  obseiwers  to  expose  the  inter¬ 
costal  vessels  routinely  at  operation,  for  fear  of  hemorrhage.  They  abandoned 
the  practice  after  finding  in  these  200  cases,  33  lacerations  or  transections  of 
these  arteries  in  all  of  which  bleeding  had  ceased  by  the  time  operation  was 
done.  In  this  series,  all  of  the  bleeding  vessels  were  found  in  one  of  Lvo  areas, 

(1)  the  area  extending  from  the  origin  of  the  A^essel  to  the  angle  of  the  ribs  or 

(2)  the  area  extending  approximately  6  cm.  from  the  lateral  border  of  the 
sternum. 

In  4  of  the  200  cases  observed  by  Major  Shefts  and  Captain  Doud,  bleeding 
of  considerable  magnitude  occurred  from  lacerations  in  the  upper  half  of  the 
upper  pulmonary  lobes.  It  Avas  readily  controlled  by  suture.  Hemorrhage  of 
similar  degree  Avas  not  observed  from  lacerations  of  the  same  extent  in  other 
pulmonary  lobes,  probably  because  the  injuries  in  the  other  lobes  iiiAmh^ed  A^es- 
sels  of  smaller  size  than  the  comparable  lacerations  in  the  upper  lobes. 

Diagnosis  and  Indications  for  Thoracotomy 

Continued  hemorrhage  into  the  tracheobranchial  tree  Avas  readily  recog¬ 
nized  by  the  reappearance  of  fresh  blood  after  repeated  attempts  to  clear  the 
airAvay.  OtherAvise,  external  eAudences  of  bleeding  Avere  feAv;  in  chest  AAmunds, 
the  most  serious  bleeding  Avas  usually  internal. 

It  Avas  not  safe  to  make  the  diagnosis  of  intrathoracic  bleeding  solel}^  on 
the  basis  of  the  pulse  rate,  blood  pressure,  respiration,  and  general  status.  Some 
patients  Avith  actively  bleeding  intercostal  vessels  remained  in  surprisingly  good 
condition. 

The  most  reliable  guides  to  the  existence  of  continued  serious  hemorrhage 
Avere : 

1.  Failure  of  the  blood  jDressure  to  rise  after  apparently  adequate 
transfusion. 

2.  A  fall  in  a  blood  pressure  that  had  risen  to  relatively  normal  leA^els. 

3.  Reaccumulation  of  1,200  to  2,000  cc.  of  blood  in  the  pleural  cavuty 
Avithin  24  hours  after  the  initial  aspiration  of  similarly  large  amounts. 

4.  Persisting  severe  anemia,  in  spite  of  blood  replacement,  as  determined 
by  serial  hematocrit  determinations. 

5.  Plotting  of  the  probable  course  of  the  missile  Avith  reference  to  the 
Auxscular  supply. 

It  piwed  difficult  to  generalize  on  hoAv  much  bleeding  constituted  life- 
endangering  thoracic  hemorrhage.  The  fact  that  from  1,000  to  1,500  cc.  of 
blood  could  be  aspirated  from  the  pleural  caAdty  Avithin  12  to  18  hours  after 
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injury  was  not,  in  itself,  an  absolute  index  of  lethal  bleeding.  Nearly  all  the 
patients  who  had  lost  blood  in  these  and  even  larger  amounts  responded 
promptly  to  massiA^e  blood  replacement,  and  subsequent  aspirations  produced 
progressively  smaller  amounts  of  bloody  fluid. 

Decision  for  or  against  exploratory  thoracotomy  on  the  basis  of  the  criteria 
just  listed  proved  entirely  satisfactory  during  j)eviods  of  relative  quiet,  when 
casualties  were  admitted  in  small  numbers  and  surgeons  had  time  for  deliberate 
consideration  and  watchful  delay.  During  rush  periods,  Avhen  they  were  con¬ 
fronted  with  large  numbers  of  casualties,  their  judgment  was  often  sorely  tried. 
Their  decisions  became  more  accurate  in  proportion  to  the  number  of  casualties 
tliey  encoun te red . 

The  general  policy  Avas  folloAved  of  exploring  any  injury  in  Avhicli  there 
Avas  a  reasonable  doubt  concerning  the  possibility  of  active  intrathoracic  hemor¬ 
rhage.  In  the  really  urgent  cases,  in  AAdiich  procrastination  Avould  haA^e  been 
disastrous,  there  Avas  seldom  any  doubt  of  the  need  for  surgery. 

Management 

The  techniques  employed  at  operation  for  intrapleural  hemorrhage  Avere 
those  ordinarily  employed  in  vascular  surgery.  In  hemorrhage  from  the  inter¬ 
nal  mammary  artery,  it  Avas  imperative  that  both  ends  of  the  damaged  A’essel 
be  ligated,  since  hemorrhage  could  occur  from  either  end.  If  emergency  access 
to  the  great  vessels  proved  necessary,  it  could  be  obtained  at  once  by  reflecting 
the  clavicle  and  cutting  through  the  manubrium  sterni  obliquely  Avith  a  Gigli’s 
saAv.  This  technique,  devised  by  Col.  Johan  Holtz,  chief  consultant  in  surgery 
to  the  NorAvegian  Forces  in  the  United  Kingdom,  Avas  preferable  to  section  of 
the  clavicle  or  to  sternoclavicular  disarticulation. 

The  preAvar  expectation  that  lobectomy  Avould  frequently  be  necessary  in 
parenchymal  lacerations,  especially  those  extending  into  the  lulus  and  invohdng 
large  vessels,  Avas  not  fulfilled,  nor  Avas  the  expectation  that  total  pneumonec¬ 
tomy  might  be  necessary  in  some  cases  (p.  18) . 

The  possibility  of  the  postoperative  recurrence  of  a  preoperative  inter¬ 
costal  hemorrhage  had  ahvays  to  be  kept  in  mind  Avhen  the  intercostal  A^essels 
liad  not  been  exposed  at  operation.  The  experience  of  Major  Shefts  and  Cap¬ 
tain  Doud  (p.  153)  shoAved  that  the  policy  of  nonexposure  Avas  safe.  There  Avere 
no  deaths  from  any  cause  in  the  first  35  patients  in  Avhom,  on  the  basis  of  their 
preAuous  experience,  they  did  not  expose  the  intercostal  A^essels  at  operation. 


Case  Histories 

Case  1.— A  casualty  AvoiinclecI  by  a  high  explosive  shell  fragment  that  perforated  the 
right  upper  chest  had  a  sudden  massive  liemorrhage  shortly  after  his  admission  to  a  field 
hospital.  Blood  filled  the  entire  trachea  and  the  primary  branches  of  the  bronchus. 

Bronchoscopy  cleared  the  trachea  only  temporarily.  Hemorrhage  continued  from  the 
orifice  of  the  right  upper  lobe  bronchus.  The  patient  was  taken  to  the  operating  room 
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immediately.  Hemorrhage  could  be  controlled  only  by  packing'  this  orifice  and  holding  the 
packing  in  place  by  iwcking  the  entire  right  main  stem  bronchus.  It  was  then  possible  to 
perform  a  thoracotomy  and  suture  the  injuries  in  the  bronchus  and  lung.  The  patient 
made  a  good  recovery  and  had  a  fully  expanded  lung  1  month  later. 

Coiiimcnt. — As  this  case  illustrates,  massive  hemorrhage  was  always  a  possibility  in 
chest  injuries,  infrequent  though  it  might  be.  This  patient’s  life  was  saved  by  his  imme¬ 
diate  transfer  to  the  operating  room  and  the  bold  and  imaginative  measures  by  which 
l)leeding  was  controlled. 

Case  2. — This  patient  was  admitted  to  a  field  hospital  5  hours  after  he  had  sustained 
a  penetrating  wound  of  the  left  chest  and  penetrating  wounds  of  the  right  upper  arm  and 
left  neck.  The  wound  of  entrance  in  the  chest  injury  was  in  the  left  part  of  the  neck. 
Several  attempts  at  aspiration  of  a  large  hemothorax  were  unsuccessful,  and  it  was  con¬ 
cluded  that  the  blood  had  clotted.  The  wound  of  the  neck  was  del)rided,  and  the  track 
was  explored  in  the  area  in  which  it  ran  superior  to  the  first  rib. 

Aspiration  was  not  attempted  for  the  first  3  days  after  operation.  On  each  of  the 
next  o  days,  from  400  to  oOO  cc.  of  blood  was  removed.  On  the  11th  day,  the  yield  was  000 
cc.  of  thin,  bloody  fluid.  During  this  time,  the  patient  received  numerous  tran.sfusions. 

On  the  12th  day  after  wounding,  the  patient  suddenly  went  into  severe  shock.  Neither 
the  blood  pressure  nor  the  radial  pulse  could  be  oI)tain(‘d.  The  respiration  was  slightly 
labored,  and  the  skin  was  cold  and  clammy.  Breath  sounds  on  the  left  side  of  the  chest 
were  distant.  The  patient  rallied  after  receiving  1,000  cc.  of  blood.  Attempts  at  aspiration 
of  the  left  chest  were  not  successful. 

The  following  {13th)  day,  400  cc.  of  blood-tinged  fluid  was  aspirated.  The  pulse 
ranged  to  148.  After  the  aspiration,  under  endotracheal  anesthesia,  a  sickle-shaped  inci¬ 
sion  was  made,  extending  from  the  mid  third  of  the  clavicle  to  the  fifth  costosternal  junc¬ 
tion.  The  first  rib  was  excised  at  the  sternocartilaginous  junction.  As  the  pleural 
cavity  was  entered,  copious  amounts  of  blood  poured  out.  The  second,  third,  and  fourth 
ribs  were  severed  at  the  sternocartilaginous  junction,  and  through  the  exqw.sure  thus 
secured,  it  could  be  seen  that  the  bhaaling  was  in  the  region  of  the  subclavian  artery  and 
innominate  vein.  The  bleeding  point  was  compressed  by  the  finger  until  it  could  be  con¬ 
trolled  by  gross  clamping  and  mass  suture  of  the  vessels  at  the  apex  of  the  chest.  The 
chest  wall  was  closed  with  catgut  sutures  for  the  muscle  and  fascia  and  silk  for  the  skin. 
A  catheter  was  inserted  into  the  eighth  intercostal  space. 

Although  blood  had  been  started  in  both  ankles  and  the  right  arm  as  the  operation  was 
begun,  the  blood  pressure  was  imperceptible  during  most  of  the  procedure.  During  the 
operation  and  the  immediate  preoperative  period,  a  total  of  3,750  cc.  of  blood  was  given. 
An  hour  after  operation,  the  blood  pressure  was  lOO/GO  mm.  Hg,  and  oxygen  was  discon¬ 
tinued.  Four  hours  later,  the  blood  pressure  was  102/80  mm.  Hg. 

The  postoperative  course  was  without  incident  for  the  next  13  days.  Then  the  hospital 
blew  down  in  a  severe  snowstorm,  and  this  patient,  along  with  700  others,  was  evacuated 
to  another  forward  hospital,  and  4  days  later  to  a  general  hospital.  When  he  was  received 
in  the  latter,  the  intercostal  catheter  was  not  draining,  and  he  was  dyspneic  and  distressed. 
Several  days  later,  a  large  drainage  tube  was  inserted  in  the  bed  of  the  eighth  rib,  to  drain 
a  well-established  empyema.  Recovery  thereafter  was  uneventful. 

Connucnf. — In  this  case,  the  direction  taken  by  the  missile  and  the  early  clotting  of 
the  hemothorax  pointed  to  the  possible  laceration  of  a  large  blood  vessel.  In  the  absence 
of  shock  and  other  evidence  of  gross  bleeding,  thoracotomy  seemed  to  be  contraindicated. 
Subsequent  events  showed  that  it  would  have  been  the  better  procedure.  The  subclavian 
artery  and  innominate  vein  had  api)arently  been  partially  lacerated,  and  local  infection 
completed  the  severance  12  days  after  wounding.  This  patient’s  life  was  unquestionably 
saved  by  the  introduction  of  blood  into  three  veins  during  the  operation. 
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ACUTE  GASTRIC  DILATATION 

Acute  gastric  dilatation  was  a  frequent  occurrence  in  both  thoracic  and 
tlioi'acoabdominal  wounds  and  Avas  often  sufficient  to  cause  respiratory  embar¬ 
rassment.  Its  recognition  was  important  before  operation.  Unless  decompres¬ 
sion  was  carried  out,  regurgitation  Avould  occur,  and  gastric  contents  might  be 
aspirated,  with  the  usual  serious  consequence. 

Routine  decompression  by  the  Miller- Abbott  or  Wangensteen  techniques 
was  carried  out  after  operation  in  all  thoracoabdominal  wounds  until  all  risk 
of  acute  dilatation  was  past.  The  same  method  was  used  if  this  complication 
developed,  as  it  sometimes  did,  after  surgery  limited  to  the  thorax. 

EMPHYSEMA 

Surgical  emphysema  was  not  frequent  in  World  War  II,  probably  because 
of  the  low  incidence  of  preexisting  pleuropulmonary  disease  in  U.S.  soldiers. 
It  was  of  two  types,  superhcial  (subcutaneous)  and  mediastinal. 

Subcutaneous  Emphysema 

The  superficial  variety  of  surgical  emphysema  resulted  from  penetration  of 
the  lung  by  a  missile  or  by  indriven  fragments  of  fractured  ribs.  In  either  type 
of  Avounding,  air  escaped  into  the  subcutaneous  tissue  (1)  directly  from  the  lung 
if  adhesions  Avere  present,  or  (2)  indirectly,  through  the  medium  of  an  inter¬ 
posed  pneumothorax.  The  trapped  air  then  spread  upAvard  to  involve  the 
tissues  of  the  neck  and  face  or  doAviiAvard  to  involve  the  abdominal  Avail. 
Occasionally,  the  extremities  Avere  involved. 

Diagnosis  Avas  readily  established  by  the  crackling  sensation  felt  on  palpa¬ 
tion  of  the  involved  area.  Roentgenograms  confirmed  the  presence  of  air  in  the 
tissues.  Recognition  Avas  important  because  of  the  possible  association  of  ten¬ 
sion  pneumothorax.  The  only  condition  Avhich  required  differentiation  aauis 
clostridial  myositis,  Avhich  is  also  characterized  by  crepitation  in  the  tissues. 

Superficial  emphysema  seldom  required  any  special  treatment.  Once  the 
opening  in  the  pleura  became  sealed,  AAdiich  usually  happened  prompthq  the  air 
in.  the  tissues  Avas  readily  absorbed.  If  the  pleural  opening  did  not  close  and 
the  air  in  the  tissues  increased  progressively,  a  needle  Avas  introduced  into  the 
pleural  cavity  to  permit  the  air  to  escape. 


Mediastinal  Emphysema 

Mediastinal  emphysema  (fig.  47)  Avas  a  much  more  serious  condition  than 
subcutaneous  emphysema.  Air  escaped  into  the  mediastinum  because  of  dam- 
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Figttue  47. — SclieiiiatiG  showing  of  pathologic  physiology  of  nic- 
cliastiiial  emphysema.  A.  Leakage  of  air  through  penetrating 
wound  of  tracliea  or  bronchus,  or  rupture  of  tlu‘se  structures,  tind- 
ing  its  way  (as  shown  by  arrows)  tirst  into  superior  thoracic  inlet 
and  then  upward  into  neck  and  head  and  downward  into  trunk  and 
upper  extremities.  B.  Tension  pneumothorax,  which  may  be 
rapidly  fatal,  caused  Avlien  air  in  mediastinal  emphysema  ruptures 
the  mediastinal  pleura. 
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Eiguke  47. — ContinuGcl.  C.  Extensive 
iiieclinstiiial  and  subcutaneeus  emphysema. 
This  process,  although  it  presents  an 
alarming  picture,  is  compatible  with  life  it 
it  is  not  accompanied  by  tension  pneumo¬ 
thorax. 


age  to  the  extrapleural,  intramediastinal  segments  of  the  tracheobronchial  tree. 
If  it  could  escape  into  the  pleural  cavity,  a  tension  pneumothorax  developed. 
If  it  had  no  route  of  escape,  there  was  serious  danger  of  compression  of  the 
great  vessels  and  even  of  the  esophagus. 

Diagnosis  was  easily  made  by  palpation  of  the  soft  swelling  in  the  su¬ 
prasternal  notch.  It  was  confirmed  by  roentgenograms. 

As  a  rule,  decompressAe  intubation  of  the  pleural  cavity  was  sufficient  for 
relief  of  the  condition  (figs.  48  and  49) .  Tracheotomy  was  sometimes  necessary. 
Radical  treatment  was  indicated  only  when  the  symptoms  of  compression  Avere 
seA^ere  enough  to  endanger  life.  In  such  cases,  the  SAvelling  in  the  neck  could 
be  incised,  or,  if  this  measure  AA^as  not  effectiA^e,  cervical  mediastinotomy  could 
be  employed.  So  far  as  is  knoAvn,  this  operation  Avas  not  required  in  any  patient 
in  the  Mediterranean  theater. 
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ITgitre  48. — Maiia,u;eiiient  of  nualiasl  iiial  eiiiphysoiiia.  A. 
Decompression  of  air  leak  of  mocPn'ate  size  by  insertion  of 
Penrose  drains  tlironiili  transverse  incision  in  suprasternal 
space.  B.  Tracheotomy  in  advanced  mediastinal  emphy¬ 
sema,  to  permit  aspiration  of  secretions  and  facilitate  admin¬ 
istration  of  oxygen. 
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Eicthk  41). — Ar;nin;L>-(‘in('iit  of  iiH>(liastin;il  {‘iiipbyseina.  A.  Optai  rc'pair  of 
laceration  of  traelaai.  necessary  ^^'llen  air  leak  is  persistent  or  is  associated  witli 
piunnnothorax  not  controlled  by  closed  suction  di’ainaiie:  JaU'cration  of  tracbea 
(a),  {‘sopba.u’us  (b).  azyj^os  vein  (c),  vaii’us  nerve  (d),  and  superior  vena  cava  (e). 
B.  Insert  sbowin.a’  detail  of  tracheal  rei)air.  Suture  of  laceration  at  right  angle.s 
to  long  axis  of  trachea,  to  jn-event  obstruction  is  sbown  in  (a).  C.  Reinforee- 
nient  of  re])air  with  pedicled  muscle  or  pleural  graft. 


PULMONARY  EDEMA 

Pnlmonary  edema  Avas  a  possibility  in  all  thoracic  AA'ouiids  and  frequently 
occurred  Avitli  Avounds  in  other  parts  of  the  body.  It  Avas  most  often  associated 
Avitli,  or  caused  one  of  the  folloAvino’  conditions : 

1.  SeATre  pulmonary  contusions,  in  Avhich  it  tended  to  appear  early. 

2.  Dys|)nea.  and  anoxia,  in  both  of  Avhich,  as  Drinker  and  lYarren  (1) 
shoAved,  ptdmouary  transudation  is  frequent. 

H.  Too  rapid  administration  of  intraAnnons  fin  ids,  or  the  administration  of 
fluids  in  too  la  ran  quantities. 

4.  Fat  embolism,  Avhich  most  often  aauis  a  complication  of  an  associated 
fracture. 

5.  LoAver  nephron  nephrosis,  a  condition  in  AAuth  pulmonary  edema  seldom 
appeared  before  the  fifth  day  after  Avounding\ 

The  clinical  manifestations  of  pulmonary  edema  chiefly  took  the  form 
of  frothy  pulmonary  secretions  in  excessiAn  amounts.  If  right  heart  failure 
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Figure  50. — Tecliniriiie  of  interiiiittont  positive  pressure  oxygen  adniinistration 
in  field  and  evacuation  hospitals.  A.  Anesthetic  machine  with  to-and-fro  filter.  B. 
Anesthetic  face  mask,  held  over  nose  and  mouth  hy  rubber  sling,  C.  Manual  compres¬ 
sion  of  bag  synchronous  with  each  respiration  (pressure  15-20  cm.  II-O). 

supervened,  tlie  symptoms  and  signs  included:  Ilyperpneaj  distention  of  the 
veins  of  the  neck,  and  falling  pulse  pressure  and  systolic  2iressure. 

Since  ^^ulmonary  edema  was  usually  secondary  to  some  other  ^^athologic 
2)rocess,  which  often  was  obscure  itself,  S2:)ecific  treatment  was  generall}"  un¬ 
satisfactory  and  often  failed  entirely.  The  basis  of  therajAy  was  an  attemjDt 
to  increase  oxygenation,  and  oxygen  given  through  a  mask,  under  j^ositive 
2)ressure  (fig.  50),  was  sometimes  distinctly  beneficial.  Eejieated  catheter  suc¬ 
tion  was  employed  to  remove  the  x^ulmonary  secretions.  If  necessary,  a  small 
catheter  was  left  indwelling  in  the  trachea,  and  oxygen  was  administered  be¬ 
tween  as2:>irations.  A  few  j^dtients  were  benefited  by  atro^^ine  sulfate  (gr. 
1/100)  by  vein. 

Right  heart  failure  was  treated  by  2)rompt  venesection  of  from  500  to  150 
cc.  of  blood  or  by  the  a2)2>lication  of  tourniquets  (the  so-called  bloodless  jdilebot- 
omy).  It  was  difficult  to  distinguish  from  shock,  but  the  differentiation  had 
to  be  made  before  either  measure  was  instituted. 
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FiCxUke  51. — Posl operative  atelectasis  with  complete  collapse 
of  lung.  Note  tracheal  and  mediastinal  shift. 


ATELECTASIS 
General  Considerations 

Massive  pulmonary  collapse  as  the  result  of  trauma  to  the  chest,  as  well  as  of 
trauma  to  the  abdomen,  might  involve  all  the  lobes  of  one  lung  but  more  often 
involved  only  one  or  two.  The  precise  amount  of  trauma  seemed  relatively 
insignificant.  Collapse  sometimes  occurred  from  the  pressure  efiects  of  bombs 
or  shells.  In  such  cases,  as  well  as  in  instances  of  direct  trauma,  contrecoup 
collapse  might  occur,  with  only  minor  involvement  of  the  homolateral  side. 

The  frequent  existence,  before  Avounding,  of  bronchitis  and  other  upper 
resjAiratory  infections  favored  the  deA^elopment  of  atelectasis.  Prolonged  ether 
anesthesia  also  encouraged  its  development. 

PostoperatiA^e  atelectasis  (fig.  51)  Avas  infrequent.  In  this  Auiriety,  as  Avell 
as  in  the  traumatic  variety,  the  basic  pathologic  process  Avas  excessive  fluid  ac¬ 
cumulations  that  completely  obstructed  a  bronchus.  The  explanation  for  its 
very  Ioav  incidence  Avas  the  routine  and  effective  treatment  of  Avet  lung  before 
and  after  operation. 
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Clinically,  a  patient  Avitli  atelectasis  presented  a  far  greater  degree  of 
dyspnea  than  might  be  expected  from  the  collapse  of  a  single  lobe.  (Cyanosis, 
thongli  also  more  than  miglit  be  expected,  was  not  so  prominent  as  dyspnea. 
The  trachea  was  deviated  to  the  side  of  the  collapse,  and  cardiac  dislocation 
toward  the  affected  side  was  usual.  A  sudden  rise  of  temperature,  from  normal 
to  l()o°  or  104°  F.,  was  typical.  Physical  examination  of  the  chest  revealed 
the  usual  signs  of  a  nonaerating  lobe  or  lobes. 

Management  in  Forward  Hospitals 

It  was  imperative  that  atelectasis  be  treated  prom])tly  and  \'igorously.  Per¬ 
sistence  of  the  collapse  Avas  likely  to  result  in  ]mlmonary  consolidation.  iMany 
chest  surgeons,  in  fact,  belie^'ed  that  the  majority  of  postoperatiA^e  pneumonias 
Avere  preceded  by  some  degree  of  atelectatic  collapse.  In  this  belief,  a  number 
of  surgeons  prescribed  sulfonamide  therapy  as  a  prophylactic  measure  against 
])ostatelectatic  pneumonia. 

The  treatment  of  estal)lished  atelectasis  Avas  directed  to  the  same  end  as 
tlie  treatment  of  Avet  lung;  that  is,  aiding  the  patient  to  expel  obstructing  ffuid 
from,  the  tracheol)ronchial  tree.  IFe  Avas  positioned  Avith  the  invoh'ed  side  up 
and  Avas  made  to  cough,  at  intervals  of  o  to  10  minutes.  If  cou<>'hin<i'  Avas  not 
effecti^T,  a  curved,  semirigid  rubber  catheter  of  the  iMagill  tyi)e  Avas  inserted 
into  tlie  trachea,  and  sudden  suction,  of  considerable  intensity,  Avas  instituted. 
Often,  during  intubation,  the  patient  coughed  strenuously  enough  to  clear  out 
and  aerate  the  involved  lo])e  or  lobes,  (larbon  dioxide  iidialations  ANere  some¬ 
times  used  to  increase  the  depth  of  respiration,  and  back  slapping  and  bloAv 
l.)ottles  Avere  also  sometimes  used. 

If  these  measures  Avere  iiot  promptly  effective,  bi'onchoscopy  Avas  employed, 
under  local  anesthesia.  Xo  analgesic  Avas  a})plied  to  the  vocal  cords  or  trachea. 
In  a  surprising  numlier  of  cases,  aspiration  of  only  small  amounts  of  mucus  from 
the  oriftces  of  the  bronchi  of  the  immlved  lobes  corrected  the  atelectasis  immedi¬ 
ately.  .Vs  experience  increased,  and  especially  as  the  efficacy  of  the  method  came 
to  be  a])preciated,  it  became  more  and  moi’e  the  practice  to  resort  to  bronchoscopy 
Avithout  delay  AAlien  atelectasis  of  any  serious  degree  Avas  encountered. 

lA^pically,  after  spontaneoTis  aeration  or  aeration  folloAving  active  treat¬ 
ment,  rjiles  appeared  and  ])ersisted  for  se\an.-al  days,  in  spite  of  clinical  and  roent¬ 
genologic  e\'idence  of  satisfactory  aeration  and  the  disappearance  of  dyspnea 
and  cyanosis. 

Management  in  Base  Hospitals 

Atelectasis  encountered  in  base  liospitals  Avas  also  infrequent.  The  lobar 
type  Avas  occasionally  encountered  in  the  first  year  of  the  experience  in  Forth 
Africa  and  Italy  but  Avas  seldom  observed  later.  The  atelectasis  obserA^ed  in 
base  hospitals  Avas  frequently  complicated  by  infection  and  Avas  practically 
ahvays  the  result  of  inadequate  bronchial  drainage.  This  Avas  in  contrast  to 
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tlie  atelectasis  seen  in  forward  liospitals,  in  which  the  important  problem  Avas 
wet  lung  secondaiy  to  trauma  and  anoxia. 

In  the  base  hospital,  atelectasis,  like  traclieobronchitis  and  pneumonitis, 
was  likely  to  be  present  in  casualties  complaining  of  pain  in  the  chest  Avail  and 
the  abdomen  and  in  casualties  Avith  spinal  damage.  Under  these  circumstances, 
respiration  AA^as  shalloAV  and  cough  ineffective.  When  there  Avas  increased 
secretion  of  mucus  or  of  mucopurulent  sputum  in  bronchitis,  varying  degrees 
of  tracheobronchial  obstruction  occurred,  and  atelectasis  Avas  ahvays  a  possi- 
bilitA^  Catheter  suction  or  bronchoscopy  Avas  the  correct  treatment,  supple¬ 
mented  by  intercostal  ner\'e  block  if  pain  Avas  a  feature. 

In  338  Avounds  of  the  chest  treated  at  the  21st  General  Hospital,  Mediter¬ 
ranean  theater,  there  Avere  2  deaths  directly  due  to  lobular  pneumonia,  and  the 
same  complication  played  a  possible  part  in  a  third  fatality.  No  instance  of 
lobar  atelectasis  Avas  observed  after  ox^eration,  hoAvever,  because  of  the  vigorous 
measures  routinely  instituted  to  preA^ent  its  deA^elox)ment. 

In  the  single  case  of  total  pulmonary  atelectasis  observed  in  this  series,  a 
nonspecific  type  of  bronchitis  Avas  found  by  bronchoscopy  on  the  involved  side. 
No  real  imx^roA^ement  folloAved  standard  therajiy.  Pulmonary  tuberculosis  Avas 
suspected,  but  it  required  numerous  sputum  examinations  to  establish  the  diag¬ 
nosis.  In  retrosx)ect,  it  Avas  concluded  that  in  this  case,  a  subclinical  x^ulmonary 
tuberculosis  Avas  activated  by  the  pyogenic  infection  that  Avas  responsible  for 
the  pulmonary  collapse.  The  patient  had  had  a  normal  chest  roentgenogram 
2  months  before  he  sustained  the  seATre  contusion  of  the  chest  that  led  to 
atelectasis.^ 


HEMATOMA  OF  THE  LUNG 
General  Considerations 

Hematomas  of  the  lung  (hgs.  52,  53,  and  54),  AAdiich  Avere  common,  Avere 
found  in  association  Avith  all  types  of  chest  injuries.  The  degree  of  pathologic 
iiivolATinent  ranged  from  simxde  contusions  Avith  small  extravasations  of  blood 
into  the  pulmonary  interstitium  and,  to  some  extent,  into  the  alveoli,  to  massive 
interstitial  hemorrhage.  The  latter  variety  of  liematoma  Avas  associated  Avith 
intra-alveolar  hemorrliage  Avhich  involved  Avhole  lobes  and  even  the  Avhole  lung. 

In  general,  the  clinical  significance  of  a  hematoma  Avas  in  direct  x)rox)ortion 
to  the  amount  of  pulmonary  x)arenchymal  tissue  involved.  In  the  majority  of 
cases,  the  entity  represented  nothing  more  than  a  roentgenologic  finding.  In 
the  more  severe  cases,  the  process  involved  sufficient  xuilmonary  tissue  to  give 
rise  to  dys^mea  and  eA^en  to  cyanosis. 


1  So  far  as  is  kno-wn,  aotivc  tiiborcnlosis  did  not  occur  after  any  battle  injury  in  the  Alediterranean 
theater,  and  there  is  no  known  instance  in  which  reactivation  of  arrested  disease  could  be  attributed 
to  battle  trauma.  These  circumstances  are  testimony  to  the  effectiveness  of  the  screening  methods 
used  in  the  selection  of  combat  personnel. 

74G-941'— G5 - ^13 


m 


THOMCIO  8URGERY 


Figuke  52. — rosteroaiiterior  roentgenograin  showing 
heinalonia  and  ch'arly  defined  missile  track  in  left  lung, 
Xote  foreign  body  in  left  axilla. 


From  a  diao-nostic  point  of  view,  hematomas  Avere  occasionall}^  confused 
with  intrapleural  collections  of  fluid  or  with  atelectasis.  Thoracentesis  and 
bronchoscopy  were  frequently  required  to  exclude  these  diagnostic  possibilities. 
An  occasional  hematoma  was  associated  w  ith  a  febrile  response  and  hemoptysis, 
which  might  lead  the  unAvary  to  suspect  pulmonary  suppuration.  The  diag¬ 
nostic  confusion  might  lead,  in  turn,  to  the  performance  of  incorrect  drainage 
procedures. 

Management 

Once  the  diagnosis  of  a  hematoma  established,  the  accepted  therapy 
Avas  entirely  nonsurgical.  No  lesion  encountered  in  all  the  broad  spectrum  of 
thoracic  trauma  demonstrated  more  dramatically  the  remarkable  recuperative 
po Avers  of  the  lung  than  did  massive  pulmonary  hematomas.  As  a  rule,  serial 
roentgenologic  examinations  shoAved  sIoaa’  but  steady  resolution  of  the  process 
and  complete  clearing  of  the  lung. 

Hematomas  associated  Avith  retained  foreign  bodies  of  considerable  size 
of  course  represented  a  different  therapeutic  problem,  as  did  those  associated 
AAnth  long  missile  tracks  (fig.  52)  and  Avitli  peripheral  lacerations.  In  such  cases, 
operative  interference  aa  as  frequently  necessary  for  remoAail  of  the  foreign  body 
or  closure  of  the  laceration.  If  a  foreign  body  Avas  present,  it  Avas  Avise  to  Avait 
for  complete  resolution  of  the  pathologic  process  and  for  stabilization  of  the 
patient  before  an  attempt  at  remoA^al  Avas  made. 
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Figure  53.— Posteroaiitoriur  roentgoiiograin  showing 
typioal  iiitrapuliiionary  heinatoiiia.  Note  roniicleci 
sliacTow. 


■I’osteroaiiterior  roentgenogram  sliowin; 
defined,  intrapleural  hematoma. 
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Figtjke  .jo. — -Continued.  C.  Same.  G  weeks  after 
wounding’.  Note  almost:  complete  disappearance  of 
hematoma. 


Case  History 

The  following  case  history  is  typical  of  the  progress  in  most  hematomas 
of  the  lung : 

Case  3.— This  patient  was  wounded  on  2d  May  1944.  A  large  shell  fragment  pene¬ 
trated  the  left  chest  and  caused  a  laceration  of  the  lung  and  a  hemopneumothorax  on  that 
side.  The  ’wound  was  debrided,  the  sucking  wound  closed,  and  the  shell  fragment  removed 
from  the  chest  wall.  Repeated  thoracenteses  were  performed. 

Roentgenologic  examination  G  days  after  wounding  showed  a  large  hematoma  of  the 
left  lung  (fig.  55A).  Clinically  the  patient’s  course  was  smooth  and  uneventful.  Four 
weeks  after  wounding,  the  hematoma  was  very  much  smaller  (fig.  55B),  and  6  weeks 
later,  roentgenologic  examination  showed  almost  no  evidence  of  it  (fig.  5oC). 

BRONCHOPLEURAL  FISTULA 

General  Considerations 

Bronchopleural  fistulas  of  traumatic  origin  were  of  two  types. 

In  the  first  group,  the  fistula  occurred  Avithout  serious  parenchymal  dam¬ 
age  and  AAdthout  pleural  infection  or  significant  pulmonary  infection.  It  rep¬ 
resented  a  disruption  of  the  Atisceral  pleura  and  underlying  peripheral  lung, 
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witli  the  establishment  of  pleuroalveolar  or  pleurobronchiolar  and  bronchial 
continnit}^,  or  Avith  both. 

These  fistulas,  Avhich  AA’ere  nsiially  small,  might  be  caused  in  several  Avays: 

1.  By  erosioii  or  laceration  of  the  lung  from  sharp,  fixed  rib  fragments. 

2.  By  the  reopening  of  peripheral  lacerations  of  the  pulmonary 
l^arenclijuna. 

3.  By  the  aAuilsion  of  the  line  of  repair  of  a  pulmonary  laceration  that 
had  preAdousl}^  been  sutured. 

4.  By  necrosis  around  metallic  foreign  bodies  or  indriA^en  costal  spicules. 

0.  By  denudation  of  lung  tissue  as  the  result  of  its  being  stripped  from 

an  adherent  area,  either  by  collapse  of  the  lung  because  of  the  accumulation 
of  exudates  or  transudates  or  by  expansion  of  the  lung  after  thoracentesis. 

In  the  second  group  of  bronchopleural  fistulas,  the  fistula.  Avas  part  of  a 
serious  total  situation,  and  the  surgical  measures  necessary  to  correct  it  AA^ere 
part  of  the  major  surgery  required  to  care  for  AvliateA-er  pleural  or  pulmonary 
damage  might  be  present.  The  procedure  most  often  included  drainage  of  an 
empyema  by  rib  resection,  decortication  of  the  lung  (occasionally  AAuth  seg¬ 
mental  pulmonary  resection),  and,  in  A^ery  occasional  instances,  drainage  of 
a  lung  abscess. 

Although  bronchopleural  fistulas  Avere  ahvays  a  potential  cause  of  tension 
pneumothorax,  they  AA^ere  seldom  associated  Avith  it.  A  feAA^  patients  com¬ 
plained  of  a  tight  feeling  in  the  chest,  but  inost  of  them  AA^ere  unaAA^are  of  AAdiat 
had  happened.  In  a  small  number  of  cases  obseiTed  in  the  Mediterranean 
theater,  in  Avhich  the  fistulas  developed  during  evacuation  from  forAvard  to 
base  hospitals,  the  tension  pneumothorax  Avas  of  considerable  proportions,  and 
the  patients  arriA^ed  dyspneic  and  in  generally  poor  condition.  EemoA^al  of  the 
air  by  needle  resulted  in  only  temporary  relief,  but  permanent  relief  of  symp¬ 
toms  and  prompt  healing  folloAved  the  use  of  Avater-seal  intercostal  drainage. 

Diagnosis  Avas  made  by  the  discoAnry  of  a  pneumothorax,  either  by  physi¬ 
cal  examination  or  roentgenologic  examination,  or  by  both,  in  a  patient  aaIiosc 
chest  Avas  previously  free  of  pleural  air  and  AAdio  had  had  no  breakdoAvn  of 
a.  chest  Avail  Avound  to  cause  an  open  pneumothorax. 

Management 

Treatment  of  bronchopleural  fistulas  had  three  purposes:  (1)  To  bring 
about  prompt  remoAml  of  the  air  in  the  chest,  (2)  to  obtain  complete  reex¬ 
pansion  of  the  lung,  and  (3)  to  close  the  fistula  so  that  firm  and  permanent 
healing  Avould  folloAv.  Treatment  AAns  instituted  as  soon  as  the  diagnosis  Avas 
made. 

After  manometric  determinations  of  the  intrapleural  pressure,  a  small 
intercostal  catheter  Avas  inserted  under  local  analgesia  and  A^ia  trocar  into  the 
chest  at  the  site  of  the  pneumothorax.  Since  most  bronchopleural  fistulas  gaAn 
rise  to  apical  air  pockets,  the  most  usual  site  of  insertion  Avas  the  second  inter- 
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space  in  the  inidclaAncular  line.  The  site,  lioweATr,  corresponded  Avith  the 
location  of  the  air  pocket,  AAdiich,  because  of  adhesions,  might  be  restricted  to 
some  other  portion  of  the  chest.  The  catheter  Avas  connected  to  a  long  rubber 
tube,  tlie  end  of  AAdiich  Avas  kept  under  Avater,  to  proidde  closed  drainage.  This 
arrangement  permitted  air  to  escape  from  the  pleural  caAdty  only  AAdien  the 
pressure  in  it  rose  aboAT  atmospheric  pressure.  The  lung  AA’as  thus  alloAved  to 
expand  sloAAdy.  At  the  end  of  48  hours,  and  sometimes  by  tlie  end  of  24  hours, 
the  catheter  could  be  AA^ithdraAAm.  If  the  fistula  reopened,  as  occasionally  hap¬ 
pened,  the  catheter  aa^is  reinserted. 

The  conservatiA^e  method  of  treatment  just  described  Avas  alAA\ays  given  a 
fair  trial,  even  though  catheter  drainage  had  to  be  instituted  more  than  once. 
It  gave  very  satisfactory  results.  In  870  penetrating  Avounds  of  the  chest 
analyzed  by  Maj.  Thomas  H.  Burford,  MC,  from  the  2d  Auxiliary  Surgical 
Group  experience,  there  Avere  22  bronchopleural  fistulas  of  the  type  just  de¬ 
scribed.  TAventy-one  Avere  closed  permanently  by  the  conservative  method 
outlined,  though  one  patient  experienced  three  recurrences  of  the  fistula  before 
solid  sealing  Avas  obtained.  In  the  remaining  case,  operation  Avas  resorted  to 
after  repeated  attempts  at  catheter  suction  had  proved  unsuccessful.  No  pa¬ 
tient  in  the  group  deATloped  a  pleural  infection,  Avliich  is  highly  significant, 
since  in  seA'eral  instances,  the  fistula  persisted  for  2  AA^eeks  or  more.  It  AA^as  the 
o-eneral  experience  that  fistulas  not  associated  Avitli  significant  parenchymal 
damage  Avere  not  a  source  of  pleural  infection  if  the  pleural  cavity  did  not 
contain  blood. 

If  intrapleural  infection  did  occur,  operation  Avas  performed  at  once. 
OtherAvise,  thoracotomy  for  repair  of  the  fistula  Avas  not  instituted  until  the 
full  possibilities  of  thoracentesis  and  intercostal  Avater-seal  drainage  had  been 
exhausted. 

In  some  cases,  operation  Avas  necessary  to  smooth  dangerously  sharp  rib 
ends  or  remove  in  driven  rib  spicules  or  metallic  foreign  bodies.  Only  occa¬ 
sionally  Avas  it  necessary  to  operate  for  the  fistula  alone.  This  AA^as  fortunate, 
for  the  difficulties  of  finding  a  small  fistula  at  an  open  operation  Avere  often 
considerable. 

The  management  of  bronchopleural  hstvdas  that  Avere  a  part  of  other  major 
pathologic  processes  did  not  usually  furnish  problems  referable  to  them  alone. 
Occasionally,  liOAveA-er,  pressure  pneumothorax  appeared  suddenly  in  patients 
Avith  empyema,  before  dependent  drainage  had  been  instituted.  Intercostal 
catheter  drainage  Avas  instituted  at  once,  by  the  technique  just  described. 

Case  History 

A  typical  instance  of  bronchopleural  fistula  treated  by  the  method  just 
described  folloAvs. 

Case  4.— This  soldier,  AAdio  ^Yas  wounded  in  action  on  17  September  1944,  sustained  a 
perforating  wound  of  the  right  thorax,  with  lacerations  of  the  right  lung,  right  diaphragm, 
and  liver.  A  hemothorax  developed  promptly.  He  was  treatcal  by  thoracolaparotomy, 
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\yitli  suture  of  tlie  (lijii)lirai*ni  and  subcostal  drainage  of  the  hepatic  laceration.  The 
pulmonary  laceration  was  not  leaking  and  was  therefore  not  sutured. 

The  immediate  postoperative  course  was  unevenlful.  Biliary  drainage  ceased,  and  the 
drains  were  rcmioved.  The  chest  also  cleared,  hut  2  weeks  after  wounding,  the  patient 
began  to  complain  of  tightness  in  the  right  heniithorax,  in  which  physical  examination 
revealed  the  presence  of  air.  Roentgenologic  examination  (fig.  oOA)  confirmed  this  finding. 
iManometri{‘  studies  also  furnished  evidcaice  of  a  small  bronchopleural  fistula  of  the  right 
lung. 

A  small  catheter  was  inserted  into  the  pueumothoracic  st)ace,  through  the  second  inter¬ 
costal  space  in  the  midclavicular  line,  and  was  attached  to  a  water-seal  bottle.  Twenty- 
four  hours  later,  the  tube  had  ceas<‘d  to  bubble  air.  At  the  end  of  -IS  hours.  th(‘  water 
column  had  ceased  to  oscillate,  and  the  tube  was  removed.  Examination  at  this  time 
rev(‘aled  total  disappearance  of  the  pneumothorax  and  complete  reexpansion  of  the  right 
pulmonary  apex.  These  findings  were  corroboi*ated  by  roentgenograms  (fig.  56B).  The 
fistula  did  not  recur. 


WOUND  DISRUPTION 
General  Considerations 

Tlie  causes  of  wound  disruption  in  thoracic  injuries  and  the  consequences 
of  the  accident  are  best  presented  in  an  analysis  of  10  cases  observed  at  the  21st 
Genei‘al  PTospital  in  tlie  Continental  Advance  Section  after  the  iiu'asion  of 
southern  France. 

The  10  disruptions  occurred  in  74  sucking  wounds,  which  occurred,  in  turn, 
in  338  battle  casualties  admitted  to  the  thoracic  service  of  this  liospital.  All 
but  one  of  the  patients  had  been  treated  in  ThS.  Army  field  hospitals.  This 
man  had  received  his  initial  treatment  in  a  German  hospital. 

Analysis  of  these  10  cases  of  wound  disruption  revealed  the  following  data  : 

1.  In  eight  cases,  the  damage  to  the  chest  wall  was  severe,  and  there  had 
been  considerable  loss  of  soft  tissue. 

2.  Rib  fractures  were  present  in  all  cases,  the  number  of  fractures  ranging 
from  one  to  five. 

3.  Pulmonaiy  damage  was  se\Tre  in  all  cases. 

4.  In  two  cases,  the  wound  of  the  chest  wall  had  been  contaminated  by 
intestinal  contents  from  a  thoracoabdominal  wound. 

5.  Six  Avounds  Avere  in  the  anterior  chest  wall,  in  AA'hich  muscles  are  thin 
and  difficult  to  draAv  together.  Three  Avere  located  laterally,  and  the  remaining 
injury  was  close  to  the  S])ine. 

i).  Debridement  had  obviously  been  inadequate  in  the  tAAU)  small  avouikIs  in 
the  series  and  in  another  large  Avound,  the  latter  treated  at  the  German  hospital. 

7.  The  Avound  had  been  left  open  in  tAvo  cases.  One  of  these  patients  had 
been  treated  at  the  German  hospital. 

8.  Thoracentesis  had  been  performed  after  operation  in  only  three  cases. 

9.  Eight  patients  had  bronchoj)leural  fistulas,  bronchitis,  and  seAxre  Avet 
coughs.  In  none  of  these  cases  had  any  measures  been  instituted  to  improve 
bronchi al  drainage. 
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10.  Empyema  was  present  in  every  patient,  and  in  onl}"  three  instances  had 
tliere  been  an  attempt  to  drain  the  pleural  cavity.  Infection  in  the  pleural 
cavity  and  lung,  as  well  as  in  the  chest  wall,  was  thus  an  important  factor  in  all 
of  these  disruptions. 

11.  In  six  instances,  respiratoiy  embarrassment  was  the  residt  of  mobility 
of  the  mediastinum. 

12.  All  but  one  patient  had  had  penicillin  systemically,  and  at  least  three 
had  had  it  intrapleurally  also. 


Management 

When  these  patients  were  received  in  the  base  hospital,  disruption  of  the 
chest  wound  had,  in  eveiy  instance,  produced,  or  reproduced,  a  sacking  wound. 
Many  patients  were  admitted  in  severe  respiratory  distress  as  a  result  of  the 
anoxia  which  had  developed  during  evacuation.  Closure  of  the  wound  was  a 
secondaiy  consideration  in  eveiy  instance.  All  the  patients  needed  other 
treatment  far  more  urgently. 

The  following  treatment  was  instituted: 

1.  The  wound  wvas  occluded  with  an  aiidight,  petrolatum-impregnated 
gauze  dressing,  kept  in  place  by  strips  of  adhesive  tape  or  by  an  Ace  type  of 
bandage.  Because  of  its  elasticity,  this  type  of  bandage  permitted  expansion 
of  the  lung  while  at  the  same  time  it  furnished  necessary  support  to  the 
paradoxically  moving  chest  wall. 

2.  Intercostal  nerve  block  was  carried  out  if  respiration  was  painful  or 
paradoxical. 

3.  Oxygen  was  administered  to  all  patients. 

4.  Tracheobronchial  suction  was  used  if  the  cough  was  ineifecti\  e. 

5.  Adequate  pleural  drainage,  which  was  the  keystone  of  treatment,  was 
instituted  as  soon  as  these  emergency  measures  had  been  carried  out. 

In  six  cases,  the  pleura  sealed  over  without  other  treatment.  In  three 
cases,  redebridement  was  necessary  because  the  wounds  contained  necrotic 
muscle  tissue.  Muscle  flaps  were  de\'eloped  and  the  wounds  closed  in  layers 
with  interrupted  silk  sutiu'es.  The  remaining  patient,  whose  wound  had  been 
secondarily  closed  at  an  evacuation  hospital,  had  a  second  rupture,  Avhich  was 
satisfactorily  closed  by  the  same  measures. 

In  other  Avords,  Avhen  the  multiple  etiologic  factors  of  Avound  disruption  in 
these  10  cases  Avere  under  control,  Avound  closure  Avas  ])ossible,  either  by  surgical 
closure  or  by  spontaneous  closure  of  tlie  pleura  after  satisfactory  drainage  of 
the  intrapleural  infection.  The  chest  Avail  defect  in  the  latter  cases  Avas  alloAAxd 
to  heal  by  granulation,  after  Avliich  the  skin  edges  Avere  draAAUi  together  by 
adhesiA^e  tape.  With  proper  initial  management,  it  is  doubtful  that  any  of 
these  Avouiid  ruptures  Avould  have  occurred. 
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CLOSTRIDIAL  MYOSITIS 

Clostridial  myositis  was  extremely  infrequent  in  Avonnds  of  the  cliest. 
When  it  did  occur,  the  etiologic  factors  and  clinical  manifestations  were  essen¬ 
tially  the  same  as  in  clostridial  infections  in  civil  life.  The  2^1'hiciples  of 
management  were  also  the  same. 

A  point  of  great  importance  was  that  subcutaneous  emphysema  be  clearly 
distinguished  from  clostridial  infections.  The  chief  point  of  differentiation 
was  that  in  emphysema,  except  in  the  more  extreme  cases,  air  was  confined  to 
subcutaneous  tissues,  while  in  clostridial  infections,  it  was  within  the  muscle 
plane. 

CHYLOTHORAX 

There  was  no  instance  of  chylothorax  in  any  of  the  thoracic  or  thoraco¬ 
abdominal  wounds  cared  for  by  surgeons  of  the  2d  Auxiliary  Surgical  Group. 
The  assumption  is  that  most  patients  with  these  injuries  died  on  the  battlefield 
from  their  severe  wounds. 


LUNG  ABSCESS 
Incidence 

The  incidence  of  lung  abscess  in  World  War  II  was  extremely  low.  Pre¬ 
liminary  figures  compiled  by  the  Medical  Statistics  Division,  Office  of  The 
Surgeon  General,  Army,  based  on  sample  tabulations  of  individual  medical 
records  (table  10) ,  show  only  541  cases  for  the  entire  wai*,  382  in  the  continental 
United  States  and  159  outside  of  the  LTnited  States.  There  were  16  deatlis,  10 
in  the  continental  United  States.  Of  255  cases  of  lung  abscess  (based  on  20 
percent  sample  tabulations  of  individual  medical  records)  classified  as  sec¬ 
ondary  (table  11),  130  occurred  outside  tlie  continental  United  States.  Tlie 
figures  include  both  battle  and  nonbattle  cases,  and  not  all  of  the  al)scesses 
secondary  to  battle  wounds  were  related  to  wounds  of  the  chest. 

The  statistical  evidence  of  the  infrequency  of  lung  abscess  as  a  complica¬ 
tion  of  battle  wounds  of  the  chest  supports  its  infrequency  in  individual  studies 
and  also  supports  the  clinical  impression  of  the  World  War  II  chest  surgeons. 
Ill  one  analysis  of  870  battle  wounds  of  the  chest,  by  Major  Burford  and  even¬ 
tually  included  in  the  total  figures  of  the  2d  Auxiliary  Surgical  Group,  there 
were  only  5  instances  of  lung  abscess.  Maj.  (later  Lt.  Col.)  John  Burke,  MC, 
and  Capt.  (later  Maj.)  Theodore  T.  Jacobs,  MC,  in  an  analysis  of  122  penetrat¬ 
ing  wounds  of  the  chest  at  the  23d  General  Llospital  in  the  European  theater, 
encountered  only  2  lung  abscesses.  Other  observers  had  similar  experiences. 

The  explanation  of  the  infrequency  of  this  complication  in  battle-incurred 
wounds  of  the  chest  is  twofold,  (1)  penicillin  therapy  and  (2)  the  intensive 
efforts  immediately  after  wounding  to  restore  the  normal  respiratory  physi- 
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Table  10. — Nutnher  of  adniissiofis  ^  and  deaths  -  for  lung  abscess  in  the  lJ,S.  Army,  by  area  oj 

admission  and  year,  1942-4d 


[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records]  s 


Area 

1942-45 

1942 

1943  i 

i 

1944 

1945 

ADAIISSIOXS 

Contiiioiital  United  Stato.s 

382 

81 

132 

89  j 

SO 

Overseas : 

Europe 

60 

2 

S 

15 

35 

Moditerraiu'an  ^  _ 

25 

1  : 

13 

6 

5 

Afirlrllp  En^sl, 

5 

5 

Chiiia-Burnia-India  _  _  _ 

14 

1 

2 

1 

10 

Southwcist  lAicific 

24 

2 

4 

13 

5 

Central  and  South  Pacific 

22  1 

1 

6  1 

1  5 

10 

4 

1 

o 

1 

i 

Tifitiu  .Ainrnncn 

5 

2 

O 

Total  overseas--  _ _  ___ 

159 

10 

43 

41 

65 

Total  Arinv 

541 

91 

175 

130 

1 

1 

145 

i 

DEATHS 

CoiitiiKMital  Uiiit('d  Stat('s_-  _ 

10 

1 

7 

1 

1 

Overseas : 

Europe-  _  _  __ 

4 

1 

1 

1 

1 

Aroditerranean 

1 

1 

Aliflflle  East 

1 

1 

Cliiiia-Rin’iTia-T  ndia 

I _ _ 

Smitlnvost  Pacific 

1 _ 

Central  anrl  Rnutli  Pacific 

1 _ : _ 

Ynrtli  .Amf'rirm  ^ 

T.atin  A  in  erica 

Total  overseas 

6 

1 

3 

1 

1 

Total  Armv  _  _ 

16 

2 

10 

2 

2 

1  It  is  estimated  that  virtually  none  were  CRO  (carded  for  record  only)  cases.  For  the  2  years,  1943  and  1945,  in  which 
the  number  of  CRO  cases  was  known,  the  320  admissions  included  but  1  CRO  case. 

-  Underlying  cause  of  death;  year  of  death. 

3  Comi)lcte  flics  of  records  used  for  deaths,  1942  admissions,  and  oversea  admissions  in  1943.  Samples  of  admissions 
were:  20  percent  for  1945,  U.S.  1943,  and  Europe  1944;  80  percent  for  1944,  excluding  Europe. 

^  Includes  North  Africa. 

3  Includes  Alaska  and  Iceland. 
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Table  ll.^Numhcr  of  secondary  cases '  of  long  aljscess  in  the  U.S.  Army,  hy  area  and  year, 
[Preliniiuary  data,  based  on  20  percent  sam]dc  tabulations  of  individual  medical  records] 


Area 

] 944-45 

1944 

1915 

Number 

125 

Number 

75 

Number 

50 

Overseas: 

60 

15 

45 

20 

15 

5 

ATiVlAlr.  T('’oa+ 

Sontluvf'st  Eii.eifie  _ - _ _  - 

45 

20 

25 

5 

i  ^ 

1 

130 

50 

SO 

1 

THt'-'il  Aviny  _  _  - - 

255 

125 

130 

1 

I  Battle  and  nonbattlc  cases. 

-  Includes  Nortli  Africa. 

3  Includes  Alaska  and  Iceland, 


olo<2:y.  Since  lung  abscesses  were  infrequent  even  before  penicillin  became  avail- 
abb*  in  the  spring  of  1944,  the  second  of  these  explanations  must  be  considered 
the  more  important. 

The  low  incidence  of  lung  abscess  can  also  be  interpreted  as  further  evi¬ 
dence  of  the  remarkable  recuperative  capacity  of  the  lung,  particularly  A^hen, 
as  just  mentioned,  its  inherent  capacity  was  supported  by  prompt  measures  to 
assure  a  patent  airway  and  total  pulmonary  reexpansion.  Consistent  AAdth  the 
infrequency  of  localized  intrapulmonary  suppuration  Avas  the  observation  that 
bacteria  Avere  seldom  cultured  from  missile  caAdties  Avhen  foreign  bodies  Avere 
remoA^ed  in  uncomplicated  cases  (p.  o2T). 

There  Avas  no  explanation,  hoAAwer,  of  AAdiy  pulmonary  abscesses  developed 
about  an  occasional  foreign  body  and  not  about  others.  One  explanation  ad- 
A^anced  AAns  that  AAdiile  the  heat  of  shell  fragments  might  be  sufficient  to  sterilize 
most  pathogenic  bacteria,  bits  of  clothing  driven  into  the  lung  along  Avith  the 
missile  migiit  carry  infecting  micro-organisms  in  Avith  them.  This  is  not  an 
acceptable  theory,  partly  because  this  occurrence  Avas  so  frequent  and  lung 
abscesses  so  infrequent,  and  partly  because  the  infecting  micro-organisms 
found  in  lung  abscesses  AAT.re  usually  resident  respiratory  flora.  The  number 
of  cases  is  too  small  to  permit  anything  beyond  the  mere  statement  of  facts,  but 
it  might  be  mentioned  that  the  abscess  formed  about  a  foreign  body  Avith  recog¬ 
nizable  bits  of  cloth  attached  to  it  in  three  of  the  fiA^e  cases  reported  by  Major 
Burford.  Other,  isolated  observations  Avere  to  the  same  effect. 
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Management 

The  type  of  lung  abscess  seen  in  battle -incurred  injuries  differed  from  the 
type  seen  in  civilian  practice.  In  civilian  practice,  the  abscess  begins  with  a 
diffuse  area  of  pneumonitis,  and,  if  progress  is  favorable,  as  it  usually  is,  the 
process  proceeds  to  localization.  In  the  traumatic  type  of  abscess,  the  localized 
phase  was  the  first  phase.  This  was  a  distinction  of  fundamental  importance 
from  the  standpoint  of  treatment:  In  the  traumatic  type  of  abscess,  the  earlier 
the  attack,  the  simpler  the  procedure,  and  the  better  the  results. 

In  four  of  the  fiY^e  cases  studied  by  Major  Burford,  the  abscess  was  excised, 
the  excision  including  the  foreign  body  in  the  three  cases  in  which  the  missile 
was  retained.  Drainage  Avas  instituted  in  the  remaining  case.  All  five  patients 
eventually  recovered,  though  in  tAvo  instances,  the  abscess  recurred  and  required 
secondaiy  drainage.  Drainage  of  an  associated  empj^ema  Avas  necessary  in 
both  of  these  cases. 

Penicillin  therapy  and  the  intelligent  use  of  AAdiole  blood  Avere  important 
parts  of  the  routine  of  management,  but  good  surgery  Avas  the  basis  of  treatment. 

MassiA' e  gangrene  of  the  lung  Avas  not  observed  by  surgeons  of  the  2d  Auxil¬ 
iary  Surgical  Group,  but  in  tAvo  instances,  extensive  suppuration  developed, 
apparently  on  the  basis  of  extensive  Avascular  damage.  The  process  in  both 
cases  AA^eiit  on  to  multilobar  areas  of  xmeumomalacia  Avith  multiple  broncho¬ 
pleural  fistulas  and  Avidespread  pleuropulmonary  sepsis.  One  j)atient  recovered 
after  multiple  drainage  operations.  The  other  died  after  total  pneumonectomy. 

MEDIASTINAL  ABSCESS 

Surgeons  of  the  2d  Auxiliary  Surgical  Group  encountered  abscess  forma¬ 
tion  of  the  anterior  mediastinum  in  only  one  instance.  The  infection  developed 
about  a  retained  foreign  body,  and  the  organism  recoA^ered  Avas  a  pure  strain 
of  hemolytic  streptococcus.  Complete  and  prompt  recoA-ery,  Avithout  complica¬ 
tions,  occurred  after  thoracotomy,  removal  of  the  foreign  body,  evacuation  of 
the  abscess,  and  intrapleural  instillation  of  jDenicillin. 

An  occasional  patient  Avas  observed  in  foi-Avard  hospitals  Avith  localized 
abscesses  of  the  posterior  mediastinum  or  diffuse  posterior  mediastinitis.  These 
infections  Avere  considered  the  only  indication  for  posterior  extrapleural  medi- 
astinotomy  in  Avar  Avounds  of  the  thorax.  None  of  this  small  group  of  patients 
surviA^ed  to  reach  base  hospitals. 


PNEUMONITIS  AND  PNEUMONIA 

Infectious  pulmonary  complications,  chiefly  pneumonitis  and  the  pneu¬ 
monias,  Avere  considerably  more  infrequent  in  chest  injuries  than  had  been  ex¬ 
pected,  in  vieAv  of  the  World  W ar  I  experience.  The  Ioav  incidence,  AAdiich  Avas 
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practically  the  same  in  thoracic  and  thoracoabdominal  wounds,  could  be 
explained  in  several  ways : 

1.  The  attention  devoted  to  the  correction  of  wet  lung*  both  before  and 
after  operation.  Measures  that  drastically  reduced  the  incidence  of  atelectasis, 
as  the  correction  of  wet  lung  and  maintenance  of  a  patent  airway  reduced  it, 
also  drastically  reduced  the  incidence  of  pneumonitis  and  subsequent 
pneumonia. 

2.  The  postoperative  routine  wliich  emphasized  coughing,  frequent  turn¬ 
ing  in  bed  immediately  after  operation,  and  early  ambulation. 

3.  Perhaps  the  unwitting  prophylaxis  instituted  by  the  administration  of 
sulfonamides  and  later  of  penicillin  as  part  of  the  routine  of  management  of 
all  wounds. 

Pneumonitis  almost  ahvays  developed  on  the  basis  of  atelectasis  or  of  stag¬ 
nation  of  excessive  bronchial  fluids.  Pneumonia,  was  more  frequent  in  the 
winter  months,  when  it  was  often  superimposed  on  a  preexisting  purulent 
bronchitis.  iVn  occasional  lobar  pneumonia  Avas  a  primary  pathologic  process. 

Diagnosis  of  pneumonitis  and  pneummiia  Avas  by  the  usual  symptoms  and 
signs  (toxicity,  increased  fever,  pulmonary  consolidation)  supplemented  by 
roeiit genol ogic  exa mi  n ation . 

Sulfadiazine  Avas  the  drug  of  choice.  It  Avas  frequently  observed  that  a 
pneumonia  that  had  developed  under  penicillin  therapy  responded  promptly 
to  sulfonamide  therapy.  If  stagnation  of  bronchial  secretions  AA^as  a  persist¬ 
ent  feature  of  the  disease,  and  if  the  patient  could  not  or  Avould  not  cough 
effectiA'ely,  either  catheter  suction  or  bronchoscopy  Avas  employed,  even  Avhen 
pulmonary  infection  Avas  clearly  established.  Xo  undesirable  consequences 
folloAved  this  practice. 

Atelectasis  and  pneumonia  caused  by  inadequate  bronchial  drainage  Avere 
fairly  common  on  neurosurgical  and  general  surgical  Avards.  The  staffs  of  the 
thoracic  surgical  Avards  saAv  many  of  these  patients  in  consultation  and  assisted 
in  their  care,  particularly  in  the  performance  of  catheter  suction  and 
bronchoscopy. 

TRAUMATIC  OSTEOMYELITIS 

Neither  osteomyelitis  nor  osteochondritis  AA'as  frequent  after  trauma  in 
World  War  II,  in  contrast  to  their  relative  frequency  in  World  War  I.  Both 
Avere  managed  by  removal  of  the  invoh'ed  segments  under  systemic  penicillin 
protection.  The  Avound  Avas  left  AAddely  open  for  4  to  10  days.  Then  second¬ 
ary  suture  or  staged  closure  Avas  carried  out,  depending  upon  the  rapidity  Avith 
Avhich  the  Avound  cleared  up.  To  aAvait  sequestration  of  the  bone  Avas  not  in 
harmony  Avith  modern  surgical  principles. 

Osteomyelitis  of  the  scapula  Avas  seen  at  least  10  times  more  frequently  in 
the  early  fighting  in  North  Africa  than  later.  The  explanation  Avas  that  in 
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the  early  inontlis  of  the  war,  debridenieiit  about  the  ficapula  was  not  sufficient^ 
radical.  Later,  there  Avas  a  better  realization  of  the  importance  of  adequate 
initial  Avound  surgery.  Free  incision  Avith  reinoA'al  of  sequestra  usually  resulted 
in  prompt  cure. 

CHRONIC  SINUSES  OF  THE  CHEST  WALL 
General  Considerations 

Chronic  sinuses  of  the  parietes  Avere  encountered  in  a  small  number  of 
patients  in  the  base  area  and  in  a  larger  number  in  Zone  of  Interior  hospitals. 
The  causes  Avere  chiefly  as  folloAA^s : 

1.  Injuiy  to  the  costal  cartilage,  caused  by  the  so-called  gutter  tA'pe  of 
Avound,  AAdth  destruction  of  the  cartilage  as  a  result.  Sinuses  of  this  origin 
cojitinued  to  drain  until  all  diseased  cartilage  had  sloughed  off,  or,  better,  had 
been  excised. 

2.  Retained  foreign  bodies.  Sinuses  AA^ere  particularly  frequent  AA'hen  bits 
of  clothing  or  other  foreign  organic  material  had  collected  around  retained 
metallic  fragments,  but  metallic  fragments  alone  could  be  responsible  for  the 
sinuses. 

o.  An  iniAvise  selection  of  suture  material.  In  closing  jDarticularly  large 
defects  of  the  chest  AA'all,  it  AA'as  sometimes  necessary  to  use  pericostal  or  peri¬ 
chondral  sutures  to  pull  the  ribs  and  cartilages  together.  Ex2:>erience  proA'ed 
that  the  use  of  heaA^y  silk  or  AAure  or  other  nonabsorbable  suture  material  Avas 
uiiAvise;  healing  aauis  sometimes  satisfactory,  but  many  times  these  materials 
acted  as  retained  foreign  bodies.  As  the  AAair  progressed,  pericostal  and  peri¬ 
chondral  sutures  AA^ere  not  used  if  they  could  be  aAmided.  If  they  could  not  be 
aA’oided,  absorbable  suture  material  AA^as  used. 

4.  IJn-united  fractures  or  fractures  that  had  healed  Avith  excess! A^e  scar 
tissue  and  callus  formation.  These  AA^ere  infrequent  cauuses  of  parietal  sinuses 
and  Avere  seldom  an  indication  for  surgery. 

5.  Osteomyelitis  of  the  ribs  or  other  bones  (hg.  57 ) . 

Management 

The  basis  of  management  of  these  sinuses  of  the  chest  aauiII  Avas  tlie  removal 
of  tlie  offending  retained  material,  AAdiateA^er  it  might  be.  The  remoAail  of 
retained  foreign  bodies  and  unabsorbed  suture  material  offered  no  difficulties. 
If  bone  or  cartilage  Avas  responsible  for  the  sinus,  the  infected  area  Avas  excised. 
Numerous  exceptions  Avere  noted  to  the  opinion  that  infection  involving  carti¬ 
lages  in  the  fused  portion  of  the  thoracic  cage  requires  complete  excision  of 
the  involved  fused  cartilage  for  permanent  cure.  As  experience  accrued,  it 
Avas  found  that  a  less  radical  resection,  involving  only  the  infected  segment, 
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Figuke  57. — Sinus  of  che.st  wall  resulting  from  truunintic 
osteomyelitis  of  clavicle.  Note  swelling  of  tissues  just  below 
pointer. 


was  all  that  was  necessary  in  most  cases.  If  there  was  a  recrudescence  of  the 
infection,  the  more  radical  operation  could  be  done  as  a  secondary  lorocedure. 

At  operation,  the  wound  was  opened  widely  and  the  offending  material 
removed.  The  extent  of  the  debridement  depended  upon  the  circumstances  in 
the  individual  case.  Since  all  of  these  wounds  were  infected,  the  skin  and  sub¬ 
cutaneous  tissues  were  left  open,  as  at  initial  wound  surgery.  Secondary 
closure  of  the  incision  was  usually  possible  under  penicillin  protection  from 
5  to  7  days  later. 


DEFECTS  OF  THE  CHEST  WALL 

Wounds  causing  large  defects  of  the  chest  wall  were  frequent.  They  re¬ 
flected,  in  a  dramatic  fasliion,  the  effectiveness  of  modern  Aveapons.  They  Avere 
also  observed  frequently  because  adequate  debridement  of  an  initially  large 
AAmuid  resulted  in  a  sizable  opening  in  the  chest  AA^all.  This  aa^as  particularly 
true  at  Anzio,  Avhere  many  patients  Avith  large  traumatic  thoracotomies  AAnukl 
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Figure  58.~Defect  of  anterior  clie.st  Avail.  A,  Large  defect,,  with  typical  loss 
of  substance,  sketched  before  debridement.  B.  Result  1  month  after  repair 
of  defect  by  swinging  doAAui  small  muscle  flap  from  pectoralis  major.  This 
picture  Avas  taken  T  days  after  delayed  primary  wound  closure  in  a  base 
hospital.  The  patient  recovered  uneventfully.  Note  absence  of  lung  hernia. 
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not  have  survived  except  for  immediate  surg*ery  in  liosx)itals  close  to  the 
frontlines. 

These  large  defects  presented  special  problems  of  management.  The  nec¬ 
essary  intrathoracic  procedures  Avere  carried  out  Avith  dispatch,  particular  atten¬ 
tion  being  paid  to  removal  of  fragments  of  ribs  and  clothing,  Avhich  Avere  found 
more  often,  and  in  larger  amounts,  than  in  any  other  type  of  chest  Avound. 
Debridement  had  to  be  eA^en  more  thorough  than  usual,  because  it  AA^as  often 
advisable  to  close  the  skin  primarily,  to  enhance  the  security  of  repair. 

Satisfactory  restoration  of  the  chest  Avail  often  required  j)atience  and 
ingenuity.  The  procedures  utilized  to  accomplish  closure  Avithout  dangerous 
tension  varied  Avith  the  number  and  location  of  the  defects.  Pericostal  sutures, 
though  generally  undesirable,  had  to  be  used  in  some  cases  to  approximate  the 
ribs  and  thus  reduce  the  size  of  the  defect.  In  flail  segments  of  the  ribs,  it 
Avas  occasionally  feasible  to  use  Avire  to  fix  the  ends.  Muscle  flaps  Avere  yerj 
useful,  particularly  in  the  anterior  chest  (hg.  58),  in  AAdiich  tissues  for  repair 
Avere  sparse.  The  paraspinalis  group  of  muscles  Avas  used  for  flaps  Ioav  in  the 
posterior  chest,  Avhere  there  Avas  a  similar  paucity  of  tissue.  In  an  occasional 
case,  the  subscapularis  Avas  used,  as  suggested  by  Maj.  (later  Lt.  Col.)  Reeve 
H.  Betts,  MC,  and  Capt.  (later  Maj.)  William  M.  Lees,  MC,  Avith  the  arm 
positioned  to  bring  the  scapula  oati*  the  opening.  If  nothing  else  AA^as  possible, 
closure  Avas  efi'ected  by  reattachment  of  the  hemidiaphragm. 

ADHESIVE  PLEURITIS 
Pathologic  Process 

Deforming  adhesive  xfleiultis,  also  knoAvn  as  infolded  lung,  Avas  a  fairly 
common  complication  of  chest  injuries.  Its  mechanism  Avas  not  clearly  under¬ 
stood  but  could  be  postulated  as  folloAvs : 

1.  The  blood  present  in  the  pleural  cavity  after  Avounding  resulted  in 
compression  of  the  lung. 

2.  The  lung  Avas  additionally  compressed  by  an  associated  pneumothorax. 

3.  If  the  pleural  blood  clotted,  it  occupied  a  considerable  portion  of  the 
2^1eural  space. 

4.  In  the  simplest  type  of  infolded  lung  (fig.  59) ,  as  a  result  of  the  thoracic 
Avound,  the  associated  hemothorax,  and  the  resulting  deflation  of  the  lung,  the 
diaphragm  Avas  elevated  and  splinted.  The  costophrenic  fringe  of  the  lung  Avas 
dragged  along  the  dome  of  the  diaphragm  and  presumably  became  retracted. 
Since  blood  Avas  invariably  present  in  some  amount  in  all  thoracic  Avounds, 
sympliA'sis  occurred  betAveen  the  costophrenic  fringe  of  the  lung  and  the 
diaphragmatic  pleura  at  Avhat  might  be  termed  the  high  Avatermark. 

5.  Eventually,  as  the  result  of  absorption  of  air,  or  of  aspiration  of  blood 
or  air,  or  of  both  processes,  the  lung  began  to  reexpand,  filling  the  pleural  space 
that  remained  by  rolling  out  over  the  area  of  the  pleural  symphysis  and  expand- 


PiGUKE  50. — Diagrammatic  representation  of  infolded  lung  (adhesive  plenritis).  A. 
Rapid  massive  intrapleural  hemorrhage.  B.  Lung  infolding  as  it  is  compressed  by  massive 
bleeding.  C.  Captive  infolded  lung  (a),  held  by  pleural  membrane  (b),  resulting  from 
organizing  hemothorax  (c). 

ino-  those  portions  of  its  contour  that  could  most  conveniently  occupy  the  avail¬ 
able  space.  The  upper  portions  of  the  lung  were  free  to  expand  and  fill  the 
apex  of  the  chest.  The  peripheral  portion  of  the  l)ase  conld  be  filled  only  by 
adaptation  of  the  lung  to  the  available  space. 

The  process  just  postulated  furnished  a  satisfactory  explanation  for  slight 
degrees  of  pulmonary  infolding.  They  were  of  no  great  clinical  significance, 
and  they  probably  occurred  much  more  often  than  they  were  recognized.  Oji 
the  other  hand,  extensiAn  degrees  of  infolding  and  distortion  Avere  serious. 
They  sometimes  occurred  as  the  result  of  adhesions  between  the  Ausceral  and 
parietal  pleural  coats  or  betAveen  opposed  portions  of  the  Ausceral  pleura  (fig. 
50).  Bizarre  distortions  Avere  occasiojially  observed,  as  the  result  of  a  sym¬ 
physis  betAveen  the  lateral  costophrenic  fringe  and  the  mediastinum,  along  its 
d  i  a  phra  gma tic  l^order . 

Though  the  mechanism  of  infolded  lung  Avas  not  clearly  understood,  the 
consequences  Avere  eAudent.  Because  the  hemithorax  aauis  not  completely  filled 
by  the  lung,  areas  Avithin  it  that  Avere  not  adequately  filled  by  lung  tissue  Avere 
likely  to  be  filled  by  recurrent  accumulations  of  pleural  fluid.  This  fluid,  after 
the  blood  in  the  chest  had  been  removed,  Avas  uni  form!  3^  serous.  It  formed 
only  in  small  amounts,  but  it  had  a  tendency  to  reaccumulate  after  it  Avas  re¬ 
moved  hj  aspiration. 

If  the  adhesive  process  iiiA'Olved  large  areas  of  lung,  puhnonary  expansion 
Avas  considerably  sloAver  than  Avhen  an  uncomplicated  hemothorax  Avas  present, 
and  filling  of  the  hemithorax  Avas  considerabl}"  delayed.  These  observations 


{'OMPLiCATioxs  AND  sequp::lak 


185 


explained  the  eoiitraeture  of  llie  chest  Avail  observed  hi  snch  cases;  it  Avas  merely 
Nature's  attemjit  to  reduce  the  size  of  the  hemithorax. 

Some  de«-ree.  of  infolding  Avas  nniformly  seen  in  association  Avith  massNe 
intrapleural  clotting.  Most  observers  thouglit  that  if  roentgenologic  examina¬ 
tion  shoAved  obscuration  shortly  after  A^'Olmding  and  sho^ved  clearing  Avithin  a 
period  of  Aveeks  of  expectant  treatment  and  vigorous  breathing  exercises,  the 
patient  had  had  an  infolded  lung  and  not  an  organizing  hemothorax.  An  or- 
o’anizino'  hemothorax  AA^as  likelv^  to  be  irrcA^ersible  AAnthout  more  actlA  e  theiapv. 

Diagnosis 

The  only  condition  easily  confused  Avith  deforming  adhesive  pleuritis  Avas 
oro’anizing  hemothorax.  The  dike  rent!  at  ion  Avas  extremely  important:  An 
organizing  hemothorax  of  any  extent  constitnted  a  definite  indication  for 
thoracotomy  and  decortication ;  an  infolded  lung  did  not. 

The  dik'erentiation  Avas  usually  readily  accomplished  by  roentgenohigic 
examination,  but  certain  clinical  features  Avere  also  helpful.  In  organizing 
hemothorax,  but  not  in  infolded  lung,  the  physical  findings  usually  included 
dullness  on  ])ercussion  over  the  alfected  area;  decreased  tactile  fremitus;  sup¬ 
pression  of  breath  sounds;  narroAving  of  the  interspaces;  and  possibly  retrac¬ 
tion  of  the  mediastinum  toAvard  the  affected  side,  Avith  elevation  and  relative 
immobility  of  the  corresponding  hemidiaphragm.  lllood  Avas  usually  obtained 
by  thoracentesis. 

Roentgenograms  taken  in  infolded  lung  shoAved  a  generalized  obscuration 
of  the  pleural  space  in  the  posteroanterior  projection.  In  lateral  films,  there 
Avas  a  triangular  posterior  obscuration  generally  regarded  as  typical  of  the 
process.  The  opacity  Avas  produced  by  the  infolding  and  malaeration  of  the 
affected  pulmonary  area,  as  Avell  as  by  the  small,  irregular,  and  iisually  inter¬ 
communicating  collections  of  pleural  fliiid.  It  aaus  the  findings  in  the  lateral 
roentgenograms  Avhich  ditl'erentiated  adhesive  pleuritis  from  organizing  hemo¬ 
thorax.  in  the  former,  the  obscuration  Avas  patchy  and  diffuse  because  the 
process  Avas  not  localized.  In  the  latter,  the  opacity  Avas  posterior  and  basal. 


Management 

If  Avithin  3  or  4  Aveeks  after  AvoTinding,  an  infolded  lung  had  expanded 
sufficiently  to  fill  the  hemithorax,  expectant  treatment  Avas  continued.  Even 
though  the  chest  Avas  someAvhat  conti/acted,  it  A^'as  thought  that  returji  of  function 
to  the  chest  Avail  by  the  practice  of  breatliing  exercises  Avould  eventually  correct 
the  deformity.  Conservative  management  Avas  indicated  Avhenever  serial 
roentgenograms  shoAved  that  pulmonary  reexpansion  had  been  shared  propor¬ 
tionately  by  all  the  lobes,  so  that  the  patient  Avould  not  be  left,  for  example, 
Avith  a  fully  expanded  upper  lobe  and  a  seriously  contracted  loAver  lobe. 

On  the  other  hand,  release  of  limiting  adhesions  by  surgery  Avas  considered 
justiHed  if,  Avithin  o  or  4  Aveeks  after  Avounding,  the  lung  had  not  expanded 
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sufficiently  to  fill  most  of  the  hemithorax  or  if  serial  roentgenograms  showed 
that  the  filling  had  been  accomplished  predominantly  by  one  portion  of  the 
lung  at  the  expense  of  other  portions.  In  most  cases,  though  not  in  all,  when 
filling  of  the  heinithorax  was  long  delayed,  it  was  much  more  likely  that  failure 
of  pulmonary  expansion  was  the  result  not  so  much  of  infolding  of  the  lung, 
even  if  it  was  present  to  some  degree,  as  of  compression  of  the  lung  by  the  peel 
or  rind  of  an  organizing  hemothorax.  In  that  tyx^e  of  case,  decortication  of 
the  lung  was  clearly  indicated. 

DIAPHRAGMATIC  HERNIA 

Uj)  to  1944,  the  Medical  Statistics  Division,  Office  of  The  Surgeon  General, 
Army,  coded  diaphrag'inatic  hernia  with  a  residual  groux)  of  hernia  conditions. 
The  data  for  1944  and  1945,  when  diaphragmatic  hernia  was  coded  sex)arately, 
show  a  total  of  449  cases  and  9  deaths  (table  12) .  In  230  cases,  diaphragmatic 
hernia  was  the  secondary  diagnosis. 

Data  on  deaths  were  obtained  from  a  complete  file  of  records.  Admissions 
in  1945  and  for  the  Euroxoean  theater  in  1944  were  derived  from  a  20-percent 
sample  of  records.  Admissions  in  1944  for  areas  other  than  the  European 
theater  were  derived  from  an  80-percent  samx)le.  Data  oil  secondaiw  diagnoses 
were  derived  from  a  20-2iercent  samxile.  Not  all  of  the  hernias  associated  with 
battle-incurred  wounds  were  related  to  wounds  of  the  chest. 

Oversea  Experience 

The  small  samples  from  which  the  statistics  just  cited  are  derived  do  not 
permit  generalizations.  They  are  in  correspondence,  however,  with  the  impres¬ 
sions  of  surgeons  both  overseas  aiid  in  the  Zone  of  Interior  that  traumatic 
diaphragmatic  hernias  were  decidedly  infrequent.  Only  2,  for  instance,  were 
observed  in  1,028  intrathoracic  wounds  analyzed  by  Major  Burford  from  the  2d 
Auxiliary  Surgical  Group  exxierience. 

In  the  first  of  these  cases,  the  hernia  was  not  susxiected  before  thoracotomy, 
which  was  undertaken  for  removal  of  a  missile  from  the  left  lower  pulmonary 
lobe.  In  the  second  case  (fig.  60),  which  was  not  a  combat  injury,  the  casualty 
sustained  a  crusliing  injury  to  the  upper  abdomen  Avlien  a  jeep  Avas  bloAvn  off 
the  road,  by  the  explosion  of  a  mortar  shell,  and  was  overturned.  Early  tho¬ 
racotomy  revealed  that  the  stomach  and  colon  had  herniated  through  a  large 
tear  in  the  left  leaf  of  the  diax)hragm.  The  tear  extended  to,  but  not  through, 
the  left  crus  of  the  hiatus.  Convalescence  Avas  uncomplicated,  and  x^ostoperath^e 
roentgenologic  examination  shoAved  normal  configuration  of  the  diaphragm 
and  stomach.  Both  of  these  x^atients  Avere  returned  to  duty  in  the  theater. 

So  far  as  is  knoAAUi,  no  instance  of  diaphragmatic  herniation  Avas  observed 
ill  the  Mediterranean  theater  in  a  battle  Avound  in  AAiiich  the  diax^hragm  had 
been  sutured.  The  early  exxierience  had  demonstrated  the  risk  of  suturing  the 
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Table  12. — Ahivther  of  total  cases  {incidence) ,  admissions,  secondary  diagnoses,  and  deaths 
from  diaphragmatic  hernia  ^  by  area  of  admission  and  year,  1944~4o 

[Prcliinjnary  data  based  on  sample  tabulations  of  individual  medical  records] 


1944 


Area 

Incidence  2  j 

Admissions  3  ; 

Secondary 
diagnoses  ^ 

Deaths  ° 

Continental  United  States - 

146 

86 

60 

4 

Overseas : 

Europe - 

40 

10 

30 

^Mediterranean  ^  _  - 

18 

8 

10 

jMiddlo  Plast  - 

9 

4 

5 

1 

Southwest  Pacific _ 

18 

3 

15 

Central  and  South  Pacific 

3 

3 

North  America  ^ _ 

Latin  America _ 

5 

5 

1 

Total  overseas - 

93 

28 

65  ’ 

2 

Total  Army  -  __  _  _ 

239 

114 

125 

6 

1945 


Continental  United  States - 

115 

70 

45 

2 

Overseas : 

Europe _ i 

40 

5 

35 

^Mediterranean 

15 

5 

10 

Middhi  East 

China-Burma-India 

5 

5 

Southwest  Pacific.  __ - 

20 

10 

10 

C('ntral  and  South  Pacific 

10 

10 

1 

5 

5 

Latin  America _ 

Total  overseas 

95 

35 

60 

1 

Total  Armv  . .  —  -  -  - 

210 

105 

1 

105 

3 

1  Battle  and  nonbattle  cases. 

2  Sum  of  admissions  and  secondary  diagnoses. 

3  Cases  ill  which  diaphragmatic  hernia  was  the  primary  cause  of  admission  to  a  medical  treatment  facility. 

4  Cases  of  diaphragmatic  hernia  secondary  to,  or  concurrent  with,  some,  other  admission  diagnosis. 

5  Underlying  cause  of  death,  year  of  death,  and  theater  of  admission. 

3  Includes  North  Africa. 

•  Includes  Alaska  and  Iceland. 
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Fxguke  go.— Traninatie  diapliragiaatic  hernia.  A.  Po.steroanterior  roentgenogram  4 
hours  after  crushing  injury  of  low(*r  cliest  and  upper  altdonn'n.  At  operation,  both  stomach 
and  large  bowel  were  found  in  chest.  I>.  Sanu',  10  days  after  thoracotomy,  reduction  of 
hernia,  and  repair  of  diaphraiiin. 
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Figuke  60. — Continued.  C.  Detail  film  after  barium 
meal  demonstrating-  normal  stomach  pattern  and  intact 
diaplii-agni.  Fatient  made  an  uneventful  recovery. 


diapliragm  witli  catgut  wlienever  there  was  any  risk  of  bile  leakage.  Sutures 
of  silk,  cottoii,  or  nylon  held  consistently.  Bile,  free  of  its  normal  confines, 
always  makes  trouble,  and  the  success  of  diaphragmatic  suture  was  in  large  part 
due  to  recognition  of  this  fact  and  proAusion  of  adequate  drainage  for  a  suffi- 
cientl}'  long  period  (p.  118). 

Zone  of  Interior  Experience 

Diaphragmatic  hernia  of  traumatic  origin  was  seen  only  slightly  more 
frequently^  in  the  Zone  of  the  Interior  than  oA^erseas.  The  28  patients  observed 
at  the  Kennedy  (Teneral  Hospital  chest  center,  Memphis,  Tenn.,  during  the 
o-year  period  of  its  operation  may  be  taken  as  typical,  and  the  analysis  of 
these  cases  is  the  simplest  method  of  presenting  the  main  points  in  the  clinical 
picture  and  management  of  this  condition.- 

-This  analysis  Avas  made  by  Wa.i.  Felix  A.  .Tr..  AIC  :  Alaj.  Earle  B.  Kay,  MC  ;  Lt.  Col. 

Richard  H.  Meade,  Jr.,  AIC  ;  Ma.i.  Theodore  R.  Hudson,  AIC  ;  and  Maf.  (later  Lt.  Col.)  Julian  Johnson, 
MC.  All  of  these  officers  served  at  A’ariou.s  times  in  the  thoracic  suywry  center,  Kennedy  General 
Hospital. 
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Etiology  and  pathogenesis —In  16  of  the  28  cases,  the  wounds  were  caused 
by  shell  fragments,  or  machinegun,  rifle,  or  pistol  bullets.  In  the  remaining  12 
cases,  the  hernias,  which  were  not  combat-incurred,  were  variously  caused  or 
precipitated  by  traflic  accidents  (9),  a  stab  wound,  a  fall,  and  jumping  from  a 
truck.  In  five  of  the  combat-incurred  hernias,  the  injured  diaphragm  had 
been  repaired  overseas  at  the  time  of  wounding. 

In  the  11  combat-incurred  wounds  in  which  the  diaphragm  had  not  been 
repaired  overseas,  the  defect  was  so  small  that  no  herniation  occurred  until  sud¬ 
den  strain  or  prolonged  strain  caused  it  to  enlarge.  One  soldier,  for  instance, 
had  sustained  a  penetrating  wound  13  months  before,  for  which  thoracotomy 
was  not  considered  necessary.  Suddenly,  while  carrying  heavy  sacks,  he  was 
seized  with  severe  upper  abdominal  pain.  At  operation,  the  entire  stomach 
was  found  in  the  chest  (fig.  61) .  Another  patient  had  sudden,  acute  symptoms 
after  he  jumped  from  a  truck.  At  operation,  the  colon  was  found  herniated 
through  a  defect  only  1.5  cm.  in  diameter,  and  gangrene  had  already  set  in. 
Three  other  patients  with  knoAvn  hernias  of  several  months’  duration  also  de¬ 
veloped  acute  intestinal  obstruction  while  under  observation  in  the  hospital. 
Emergency  operation  was  successful  in  all  three  cases. 

The  first  patient  with  a  diaphragmatic  hernia  observed  at  the  chest  center 
at  Kennedy  General  Hospital  furnished  a  useful  lesson.  He  liad  sustained  a 
bullet  wound  of  the  right  chest  in  May  1943.  A  few  weeks  later,  he  showed 
no  abnormalities  of  any  consequence  on  roentgenologic  examination  (fig.  62 A) 
and  had  no  symptoms  of  any  kind.  He  continued  well  for  a  year.  Then  he 
began  to  complain  of  pain  in  the  right  lower  chest,  and  roentgenograms  showed 
a  rounded  mass  overlying  the  diaphragm  (fig.  62B) .  Exploratory  thoracotomy 
was  performed,  and  the  mass  was  found  to  be  a  herniated  portion  of  the  right 
lobe  of  the  liver.  Undoubtedly,  many  cases  of  this  kind  have  been  observed  in 
veterans’  hospitals  and  in  private  practice  since  the  war.  If  there  is  no  hemor- 
rhao-e,  gangrene,  or  perforation  of  tlie  gastrointestinal  tract,  patients  may 
accustom  themselves  to  living  with  a  surprising  degree  of  diaphragmatic 
herniation. 

In  no  instance  was  it  possible  to  correlate  the  hernia,  either  in  size  or  loca¬ 
tion  (fig.  63),  with  the  anatomic  areas  of  weakness  in  which  such  hernias  are 
prone  to  occur.  Obviously,  however,  increased  abdominal  pressure,  produced 
by  strain,  as  a  number  of  cases  in  this  series  show,  may  be  the  immediate  cause 
of  herniations  through  previously  created  defects,  even  when  the  defect  is  small. 

Pathologic  process. — A  definite  sac  was  demonstrable  in  only  two  of  the 
hernias  in  the  series.  A  membrane  frequently  covered  a  part  of  the  herniated 
structure,  but  it  was  not  complete.  The  adhesions  present  in  practically  all  cases 
between  the  affected  structures  varied  in  extent  and  character.  At  times,  it  was 
impossible  to  separate  the  herniated  structures  from  the  lung  without  some  pul¬ 
monary  damage.  The  size  of  the  opening  in  the  diaphragm  varied  from  a 
defect  1.5  cm.  in  diameter  to  one  that  involved  the  entire  dome  and  extended  into 
the  pericardium. 
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Figure  (>2. — Diai)hra2,nialie  lieriiia.  A.  Posteroaiiterior 
I'OCiitgeiiogTam  4  iiioiitlis  after  penetrating  wound  of  right 
eliest.  There  is  iio  evidence  (tf  herniation  in  this  tilin, 
and  the  patient  was  asymptoinatic.  B.  Same,  1  year  later, 
showing'  herniation  of  right  lobe  of  liver. 
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The  dome  of  the  left  diaphragm  Avas  the  site  of  the  hernia  in  12  of  the  28 
cases  (fig.  63) .  Contusion  defects  AA^ere  located  more  peripherally  and  penetrat¬ 
ing  defects  more  centrally. 

At  operation,  practically  all  the  organs  in  the  peritoneal  caAnty  AAxre  found 
herniated  through  the  diaphragm,  either  singly  or  in  A^arious  combinations.  At 
one  extreme  Avere  asymptomatic  herniations  of  the  omentum,  discoA^ered  acci¬ 
dentally  at  operation  for  other  conditions.  At  the  other  extreme  Avere  tAvo 
herniations,  each  consisting  of  the  kidney,  spleen,  stomacli,  small  boAA^el,  colon, 
and  omentum.  In  one  of  these  cases,  the  structures  AAxre  densely  adherent  and 
completely  coA^ered  the  lateral  portion  of  the  diaphragm.  In  the  other,  there 
Avas  an  8-inch  tear  in  the  pericardium. 

In  one  case,  there  AA^as  a  constricting  ring  defect  around  the  herniated 
stomach  (fig.  64)  ;  if  diagnosis  had  been  delayed,  ischemic  changes,  folloAA^ed  by 
perforation,  AAmiild  undoubtedly  liaA^e  ensued.  In  one  instance,  in  AAdiich  pre- 
Auous  repair  had  been  done  elseAA^iere,  the  diaphragm  had  been  seATred  from  its 
attachments  to  the  posterior  chest  AA^all,  and  a  hydronephrotic,  congenital  bifid 
kidney  had  herniated  through  the  defect.  It  AA^as  necessary  to  mobilize  and 
remoA^e  the  kidney  before  repair  could  be  accomplished. 

In  one  case,  incarceration  of  the  stomach  resulted  in  progressive  gastric 
distention,  and  eventually  the  entire  left  pleural  space  Avas  filled  Avitli  the  her¬ 
niated  organ,  the  lung  on  that  side  being  completely  atelectatic.  After  the 
defect  in  the  diaphragm  had  been  enlarged,  it  Avas  possible  to  express  the  air 
from  the  stomach  through  the  nasal  tube  inserted  before  operation.  When  this 
had  been  accomplished,  the  adhesions  could  be  separated  and  the  hernia  reduced. 

Clinical  picture  and  diagnosis. — Herniation  of  solid  viscera  Avas  asso¬ 
ciated  Avitli  vague  pain  in  the  loAver  chest  but  usually  Avith  no  other  symptoms. 
Herniation  of  holloAv  Auscera  gaA^e  rise  to  more  varied  symptoms.  In  11  cases, 
all  of  combat  origin,  the  initial  symptoms  AA^ere  epigastric  pain,  especially  after 
meals  and  during  recumbency;  flatulence;  indigestion;  and  dyspnea,  Avhich  Avas 
practically  ahvays  present  Avhen  there  Avas  considerable  collapse  of  the  lung, 
SeATral  patients  stated  that  they  could  hear  and  feel  gurgles  in  the  chest. 

If  a  holloAV  A'iscus  suddenly  herniated  through  the  diaphragmatic  defect, 
the  symptoms  Avere  more  dramatic.  In  tAvo  instances,  unconsciousness  occurred, 
not  to  be  accounted  for  by  associated  injuries.  The  degree  of  pain  and  the 
presence  of  nausea  and  Ammiting  depended  upon  the  extejit  of  the  herniation  and 
the  amount  of  obstruction  it  produced. 

In  some  cases,  as  already  mentioned,  herniation  of  the  omentum  through 
the  diaphragm  Avas  discovered  unexpectedly,  at  operation  for  other  conditions. 
In  the  four  cases  in  Avhich  the  liver  Avas  the  herniating  organ,  only  a  presump¬ 
tive  preopera tiA'e  diagnosis  Avas  possible.  In  one  of  these  cases,  the  herniation, 
Avhich  Avas  recurrent,  Avas  found  in  the  course  of  exploration  of  a  draining  sinus 
of  the  chest  Avail.  In  tAvo  cases,  the  chest  Avas  aspirated,  in  the  belief  that  the 
fluid  in  the  herniated  stomach  and  intestines  Avas  pleural  fluid.  Xo  evidence  of 
damage  or  infection  Avas  found  at  operation  in  either  case. 
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Surgical  repair. — All  28  hernias  in  this  series  ^vere  successfully  repaired 
through  a  transthoracic  approach,  usually  under  endotracheal  anesthesia.  The 
excellent  exposure  so  easily  obtained  by  this  approach  made  it  preferable  to 
the  abdominal  approach.  In  a  number  of  instances,  the  herniated  structures 
extended  up  to  the  dome  of  the  thorax,  and  the  adhesions  present  could  have 
been  handled  only  Avith  great  difficulty  througli  an  abdominal  incision. 

Closure  Avas  eA'entuall}^  accomplished  in  eA'ery  case  in  the  series,  though  in 
some,  at  first  glance,  it  AA'as  doubtful  that  enough  diaphragmatic  tissue  remained 
to  be  useful.  After  careful  dissection,  liOAveA'er,  enough  tissue  aa^xs  developed 
to  permit  satisfactory  closure  in  every  such  case,  though  it  Avas  sometimes  nec¬ 
essary  to  dissect  the  extension  of  the  diaphragm  into  the  transversalis  muscle 
before  closure  could  be  accomplished  Avithout  tension.  Tavo  roAvs  of  silk  sutures 
AA^ere  used,  the  second  burying  the  first.  When  the  diaphragm  Avas  detached 
from  the  tlioracic  Avail,  secure  closure  Avas  achieAed  by  using  mattress  sutures 
through  the  chest  Avail.  The  sutures  Avere  tied  over  tubes,  and  another  roAv  of 
interrupted  intrapleural  sutures  Avas  placed. 

In  the  first  cases  in  this  series,  the  phrenic  nerA'e  Avas  not  crushed  unless 
the  line  of  the  defect  Avas  such  that  contraction  of  the  diaphragmatic  fibers 
Avould  exert  a  pull  on  the  suture  line.  This  technique  Avas  later  made  routine 
because,  in  a  case  in  Avhich  it  had  been  omitted,  a  hernia  recurred  5  hours  after 
operation,  presumably  because  of  excessix-e  moA^ements  of  the  diaphragm  during 
tracheal  aspiration.  Successful  secondary  repair  Avas  carried  out  se  veral  months 
later.  There  Avas  no  evidence  that  paral3^sis  of  the  diaphragm  retarded  healing, 
and  earlier  experimental  evidence  by  Meade  (^)  had  shoAvn  that  it  did  not 
decrease  the  tensile  strength  of  the  diapliragm. 

Drainage  Avas  employed  only  three  times,  once  Avhen  a  gangrenous  colon 
had  to  be  resected  and  tAvice  AAdien  empyema  had  preceded  the  hernia.  Water- 
seal  drainage  Avas  used  in  these  three  cases  until  the  lung  had  fully  reexpanded 
and  obliterated  the  pleural  space.  There  Avere  varying  degrees  of  pulmonary 
collapse  in  all  cases  in  this  series,  but  the  lung  reexpanded  in  all  Avithout  diffi¬ 
culty,  no  matter  hoAv  long  the  collapse  had  been  present. 

Postoperative  management. — The  usual  routine  of  postoperatiA^e  manage¬ 
ment  Avas  employed  in  these  cases.  Gastric  suction  Avas  ahvays  instituted, 
usually  for  72  hours.  If  the  patient  could  not  keep  the  airAvay  clear  by  his  OAvn 
efforts,  endotracheal  asj)iration  Avas  used. 

Postoperative  complications. — -There  Avere  only  three  postoperative  com¬ 
plications  of  any  consequence.  In  one  case,  as  already  mentioned,  there  Avas 
an  immediate  recurrence  of  the  hernia.  In  one  case,  in  Avhich  the  lung  AA'as 
damaged  Avhile  it  Avas  being  separated  from  the  herniated  liAnr,  a  temporary 
pneumothorax  cleA^eloped.  In  one  case,  there  Avas  a  postoperative  recurrence 
of  the  empyema  Avhich  had  complicated  the  original  injury  and  Avhich  had  to 
be  treated  before  repair  of  the  hernia  could  be  undertaken.  In  three  other  cases 
transient  pleural  effusions  appeared,  but  they  disappeared  promptly  and  did  not 
delay  recoA^ery. 
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HERNIA  OF  THE  LUNG 
General  Considerations 

Hernia  of  the  lung  was  an  extremely  infrequent  complication  of  combat- 
incurred  ^YOunds,  probably  because  of  the  inherent  elasticity  of  pulmonary 
tissue.  This  property  causes  the  tissue  to  contract  and  retract  from  the  chest 
wall  when  intrapleural  and  intraplumonary  pressures  become  equal  in  the 
presence  of  the  opening  into  the  pleural  cavity  caused  by  a  chest  wound.  The 
concomitant  pneumothorax  and  hemothorax  that  occur  after  wounding  also 
act  to  prevent  pulmonary  hernias.  On  the  other  hand,  in  view  of  the  consider¬ 
able  number  of  large  chest  wall  defects  observed  in  forward  hospitals,  the 
rarity  of  pulmonary  herniations  is  remarkable. 

According  to  Funk  (3) ,  Avho  made  a  comprehensive  review  of  the  litera¬ 
ture  in  1918,  only  three  hernias  of  the  lung  were  reported  in  the  Civil  War, 
and  none  were  recorded  in  the  Crimean  War  or  in  World  War  I.  In  the 
South  African  War  (1899-1900),  Makins  (^),  in  an  extensive  experience, 
observed  only  one  case.  Adams  (5)  found  only  5  pulmonary  hernias  in  20,000 
wounds  of  the  chest  in  the  Russo-Japanese  War.  to  1945,  only  18o  cases 
had  been  recorded,  most  of  which  were  combat-incurred. 

Occasional  instances  of  hernias  involving  single  pulmonary  lobes  Avere 
observed,  but  there  was  only  one  instance  of  true  pulmonary  hernia  (fig.  65)  in 
the  2,267  thoracic  and  thoracoabdominal  Avounds  in  the  2d  Auxiliary  Surgical 
Group  experience.  Of  the  seA^en  cases  recorded  from  the  section  of  thoracic 
surgery,  Walter  Reed  General  Hospital,  Washington,  D.C.,  by  Capt.  (later 
Maj.)  Elmer  P.  R.  Maurer,  MC,  and  Lt.  Col.  (later  Col.)  Brian  Blades,  MC, 
six  Avere  combat-incurred,  and  the  other  Avas  the  result  of  trauma. 

Traumatic  hernias  represent  the  largest  group  of  pulmonary  hernias.  They 
haAU  been  reported  after  crushing  Avounds,  stab  Avounds,  and  perforating 
wounds  caused  by  ride  bullets  and  shell  fragments.  They  occasionally  appear 
after  surgical  procedures.  The  congenital  and  spontaneous  varieties  are 
decidedl y  infrequent. 

In  traumatic  hernias,  the  first  manifestation  is  the  appearance,  usually 
from  several  Aveeks  to  several  months  after  injury,  of  a  tender  SAvelling  in  the 
chest  Avail,  Avliich  increases  in  size  on  forced  expiration  and  disappears  on 
inspiration.  In  acute  traumatic  hernias,  the  symptoms  referable  to  the  hernia 
are  obscured  by  the  symptoms  arising  from  the  injury  itself. 

The  diagnosis  is  usually  made  Avithout  difficulty  because  of  the  characteristic 
behavior  of  the  air-containing  tissue.  In  four  cases  observed  at  Walter  Reed 
General  Hospital,  hoAvever,  the  classical  signs  and  symptoms  of  pulmonary 
hernia  Avere  present,  but  at  operation  no  lung  tissue  Avas  found  in  the  defect 
in  the  chest  Avail.  In  three  of  these  cases,  the  liver  had  herniated  into  the  defect. 
The  clostridial  infections  Avhich  occur  in  crushing  injuries  of  the  chest  Avail 
may  produce  crepitant  bulging  in  soft  tissues,  but  the  circumstances  make  it 
unlikely  that  the  infection  Avill  be  confused  Avith  a  true  hernia  of  the  lung. 
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Figure  65. — True  hernia  of  lung.  A.  Anterior  view  showing  retraction  of 
chest  wall  when  patient  holds  breath.  B.  Anterolateral  view  showing  bulging 
on  forced  expiration.  This  patient  sustained  a  penetrating  shell-fragment 
v/ound  through  the  anterior  chest  wall,  with  loss,  by  injury  and  subsequent 
debridement,  of  the  third  and  fourth  costal  cartilages  and  the  anterior  seg¬ 
ments  of  the  corresponding  ribs.  Three  weeks  after  injury,  protrusion  and  re¬ 
traction  of  air-containing  tissue  Avere  noted  through  the  defect  in  the  chest 
wall.  The  phenomenon  was  not  attended  with  symptoms.  When  the  patient 
was  evacuated  to  the  Zone  of  Interior,  roentgenograms  showed  periosteal  re¬ 
generation  and  it  was  thought  that,  with  stabilization  of  the  chest  wall,  the 
pulmonary  hernia  would  undergo  spontaneous  cure. 


Management 

Because  of  tlie  infrequency  of  hernias  of  the  lungj  it  is  not  possible  to  make 
many  definitive  statements  about  tlieir  management.  Emergency  measures 
were  not  necessary,  and  there  was  no  indication  for  operation  overseas.  The 
symptoms  could  be  easily  controlled  by  pressure  dressings  over  the  defect,  and 
spontaneous  healing  Avas  always  a  possibility. 
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Except  for  sncli  complications  as  might  be  introduced  the  ^A^ound,  there 
was  nothing  in  the  management  of  pulmonary  hernias  of  traumatic  origin 
encountered  in  wartime  that  differed  from  the  management  of  similar  hernias 
in  civilian  practice.  Operation  was  always  performed  under  endotracheal 
anesthesia,  to  a^mid  risk  AAdien  the  pleura  was  opened  widely,  as  Avell  as  to  leave 
the  lung  in  the  desired  state  of  inflation  after  operation. 

At  Walter  Reed  General  Ilospital,  tantalum  plates  were  employed  tenta¬ 
tively,  but  the  method  had  to  be  abandoned  because  of  the  impossibility  of 
maintaining  immobility  of  tlie  plate  on  the  constantly  moving  thorax.  In  the 
five  true  hernias  in  Avhich  operation  Avas  performed  at  this  hospital,  plastic 
I’epair  Avas  accomplished  Avith  structures  of  the  chest  Avail  only  (rib,  periosteum, 
and  muscle.)  The  most  important  feature  of  the  repair  Avas  coA^erage  of  the 
defect  in  the  chest  wall  with  sturdy  bone  or  with  periosteum  that  would  pro¬ 
duce  bone.  After  appropriately  located  ribs  had  been  dmded  and  released 
from  their  periosteal  envelopes,  they  could  be  shifted  until  the  gap  Avas  bridged. 
They  Avere  then  anchored  in  the  desired  position  by  pericostal  fixation,  by 
suture  to  the  fascia  or  adjoining  periosteum,  or  by  fastening  the  mobilized  rib 
to  an  adjacent  rib  AAnth  absorbable  sutures  threaded  through  drill  holes. 

An  essential  point  of  repair  Avas  the  creation  of  a  local  pneumothorax,  so 
to  speak,  by  freeing  of  adhesions  and  of  lung  tissue  about  the  margins  of  the 
hernia  orifice.  The  pneumothorax  thus  produced  acted  as  a  cushion  betAveen 
the  lung  and  the  freshly  repaired  chest  Avail  and  reduced  to  a  minimum  the 
chances  that  the  lung  Avould  be  forced  into  the  chest  wall  if  the  patient  coughed 
or  strained  immediately  after  operation,  when  the  repair  Avas  Aveakest. 


Case  History 

Case  5. — This  25-A'ear-oUl  soldier  snsiaiiied  a  peiietratins’  shell-fraginoiit  Avonnd  of  the 
right  chest  on  15  .Tanuary  1945.  Treatment  consisted  of  closure  of  the  wound  by  suture, 
intercostal  AA'ater-seal  drainage  for  3  or  4  days,  and  three  aspirations  of  the  chest. 

AA^hen  he  AA^as  admitted  to  AA^alter  Reed  General  Hospital  about  6  AAxeks  later,  his  only 
complaint  Avas  mild  pain  in  the  right  chest,  not  associated  with  hemoptysis  or  cough.  A 
well-healed  linear  scar,  11  cm.  long,  was  present  in  the  right  anterolateral  chest.  A  second, 
well-healed  scar,  9  cm.  in  length,  aa^s  present  along  the  A^ertebral  border  of  the  right 
scapula.  Percussion  and  auscultation  of  the  chest  reA^ealed  no  abnormalities.  Roentgeno¬ 
logic  examination  rcA-ealed  a  metallic  foreign  body,  7  by  7  mm.,  and  seAmral  smaller  metal¬ 
lic  foreign  bodies,  in  the  right  lung.  A  defect  in  the  right  sixth  rib  laterally  measured 
8  centimeters.  It  aa^s  possible  to  insert  three  fingers  into  this  defect  for  about  1  centi¬ 
meter.  AA^hen  the  patient  coughed,  as  AAmll  as  on  forced  expiration,  AAuth  the  glottis  closed, 
there  AA^as  a  definite  bulging  through  the  defect. 

Operation  was  performed  on  8  .June  1945,  under  endotracheal  ether  anesthesia,  by 
the  follOAAung  technique  (fig.  66)  ; 

An  incision  was  made  OA'Cr  the  defect  in  the  right  anterolateral  chest  AAmll  at  the 
level  of  the  sixth  rib.  The  skin  and  muscles  Avere  divided.  AATien  the  muscles  Avere  dis¬ 
sected  free,  the  lung  Avas  exposed.  It  Avas  found  adherent  to  the  chest  Avail.  The  adhe¬ 
sions  were  divided  and  the  lung  Avas  separated  from  the  chest  wall  over  an  area  10  cm. 
in  diameter. 
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Figuke  G6. — Technique  of  repair  of  pulmonary  hernia.  A.  Divi¬ 
sion  of  muscles  of  chest  wall  (a),  disclosing  margins  of  defect  (b), 
adherent  lung,  and  pleural  sac  (c).  B.  Release  of  lung  (a)  and 
pleural  sac  from  margins  of  defect. 


202 


TtlORACIC  SURGERY 


Eiguke  6G. — Contiiinecl.  E.  Suture  of  periosteal  flaps  oyer  inter¬ 
costal  muscles  to  form  second  layer  of  closure  and  complete 
repair. 


The  periosteum  of  the  fifth  and  seventh  ribs  was  developed  into  flaps,  which  were 
sutured  in  place  to  bridge  the  defect.  The  first  layer  of  closure  consisted  of  intercostal 
muscles  brought  together  with  interrupted  sutures  of  medium  silk.  The  ribs  were  then 
approximated  with  retractors,  and  the  two  flaps  of  periosteum  were  joined  with  interrupted 
sutures  of  medium  silk.  No  effort  was  made  to  reinflate  the  lung,  because,  as  just  pointed 
out,  it  was  desirable  to  maintain  a  residual  localized  pneumothorax  for  a  time.  The 
muscles  of  the  chest  wall  were  brought  together  with  interrupted  sutures  of  fine  silk,  and 
the  skin  was  similarly  closed,  without  drainage. 

Convalescence  was  entirely  uneventful.  The  wound  healed  per  primam.  The  soldier 
was  sent  on  a  convalescent  furlough  4  weeks  after  operation,  and  when  he  was  reexamined 
on  14  August  1945,  the  area  of  the  defect  was  firm,  and  there  was  no  evidence  of  recurrence 
of  the  hernia. 


RESIDUAL  SYMPTOMS 
General  Considerations 

A  large  number  of  patients  ivho  had  sustained  chest  injuries  presented 
a  triad  of  residual  S3unptoms,  consisting  of  shortness  of  breath,  soreness  of  the 
chest,  and  paresthesias  or  pains  in  the  aifected  side.  These  symptoms  were 
observed  at  various  times  after  wounding,  in  both  oversea  and  Zone  of  Interior 
hospitals.  At  the  Walter  Reed  General  Hospital,  they  constituted  the  most 
serious  obstacle  to  returning  men  with  chest  injuries  to  full  duty  within  a  short 
period  of  time. 

Dj^spnea  was  usually  mild,  but  it  appeared  on  very  little  physical  exer¬ 
tion,  and  most  patients  complained  of  reduced  exercise  tolerance.  It  was  often 
necessary  for  them  to  fall  out  of  ranks. 
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Pain  was  usually  vague  and  usually  y)arestlietic  in  nature.  The  patient 
distinguished  it  from  soreness,  Avhich  most  of  them  complained  of  at  night, 
when  they  tried  to  sleep  on  the  affected  side. 

Except  for  variations  in  degree,  the  symptoms  were  consistent.  They  bore 
no  discernible  relation  to  the  type  of  injury  sustained.  They  were  as  frequent 
in  simple  penetrating  wounds  of  the  chest  with  no  consequences  beyond  hemo¬ 
thorax  as  they  were  in  more  severe  injuries.  They  occurred  whether  or  not 
thoracotomy  had  been  performed.  They  also  occurred  whether  the  soldiers 
were  returned  to  combat  duty  or  were  given  limited-duty  assignments. 

Special  Studies 

When  this  problem  became  of  importance  in  thoracic  surgery  centers  in 
the  Zone  of  Interior  in  chest  casualties  who  otherwise  could  have  been  returned 
to  duty,  it  was  found  that  very  little  Avas  knoAvn  about  it.  There  were  no  sub¬ 
jective  studies  of  dyspnea  on  exertion  in  such  cases,  and  no  objective  studies 
by  determinations  of  the  vital  capacity  to  investigate  possible  permanent 
damage. 

At  the  Walter  Keed  General  Hospital,  a  study  of  the  intercostal  pain  and 
numbness  Avhich  folloAved  thoracic  injury  Avas  undertaken  by  Maj.  Donald  L. 
Kose,  MC.  Three  methods  Avere  used : 

1.  The  patient  Avas  asked  to  outline  the  painful  area  on  his  chest  Avail. 

2.  A  complete  neurologic  examination  Avas  made. 

3.  Skin  resistance  tests  Avere  carried  out  by  the  Richter  technique,  to  check 
the  impressions  gained  by  other  examinations. 

With  feAV  exceptions,  the  patient’s  OAvn  zoning  of  pain  points  on  his  chest 
Avail  corresponded  Avith  the  results  of  the  skin  resistance  tests.  In  the  few 
cases  in  Avhich  the  results  of  the  examinations  did  not  coincide,  it  Avas  thought 
safe  to  discount  the  symptoms. 

These  studies  established  three  practical  x:)oints : 

1.  There  Avas  no  satisfactory  treatment  for  damaged  intercostal  nerves  once 
they  had  been  injured.  Intercostal  nerve  block  provided  temporary  relief,  but, 
once  the  immediate  effects  had  disappeared,  the  pain  Avas  sometimes  more  severe 
than  it  had  been  originally, 

2.  Injury  to  a  single  intercostal  nerve  did  not  cause  serious  residuals. 

3.  If  three  consecutiA^e  neiwes  Avere  crushed  or  cut,  prolonged  discomfort 
folloAved,  and  it  Avas  serious  from  the  standpoint  of  future  Aogorous  acth^ity. 

Major  Rose’s  study  shoAved  that  residuals  from  the  bruising  of  a  single 
nerwe  Avere  of  little  consequence,  AAdiether  it  Avas  damaged  during  rib  resection 
or  in  the  course  of  an  intercostal  incision.  Injury  of  at  least  tAvo  nein^es  Avas 
necessary  to  produce  s3unptoms.  Pressure  transmitted  from  the  rib-spreading 
retractor  Avas  apparently  of  little  consequence. 
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Management 

This  problem  was  of  extreme  importance  in  military  medicine.  In  civilian 
practice,  it  would  have  been  considerably  less  serious.  A  civilian  vvdth  dis¬ 
comfort  after  a  chest  injury  could  generally  avoid  activity  which  might  aggra¬ 
vate  it.  The  situation  was  quite  different  in  military  service,  in  which  the 
soldier  who  Avas  ordered  to  drill,  carry  a  pack,  or  perform  some  other  actiAdty 
had  no  recourse  but  to  obey  orders  as  long  as  he  Avas  on  actiA-e  duty. 

In  military  practice,  furthermore,  the  medical  officer  Avas  obliged  to  make 
a  decision  as  to  the  Amlidity  of  the  patienth  complaint.  He  had  to  consider 
seriously  AAdiether  the  pain  Avas  genuine  and  seA^ere,  or  Avhether  the  soldier  Avas 
motiA^ated  by  a  desire  to  escape  active  dut}^  or  to  be  separated  from  service.  If 
the  surgeon  discounted  the  symptoms  and  sent  the  soldier  off  to  duty  AA'lien  he 
was  really  unfit  for  it,  he  might  do  him  a  serious  injustice. 

Since  the  etiologic  factors  in  postwoimding  discomfort  Avere  not  clarified 
during  the  Avar,  treatment  Avas  unsatisfactory.  The  A^ariable  results  in  neiwe 
block  have  already  been  mentioned.  Psychotherapy  Avas  useful  in  some  cases. 

As  a  result  of  the  study  conducted  at  Walter  Heed  General  Hospital,  it 
Avas  concluded  that  the  solution  of  the  problem  Avas  preventive,  to  exercise  ex¬ 
treme  care  in  handling  intercostal  nerves  at  operation  and  to  avoid,  as  far  as 
possible,  any  surgical  technique  that  might  traumatize  them  unnecessarily.  The 
corollary  of  this  reasoning  Avas  that  pericostal  and  perichondral  sutures  should 
not  be  used.  Encircling  sutures  of  this  kind  had  been  used  in  a  number  of  the 
patients  obserA^ed,  Avith  resultant  temporary  destruction  of  tAvo  or  more  nerves. 

Surgeons  at  Walter  Heed  General  Hospital  believed  that  it  Avas  seldom 
necessary  to  employ  pericostal  and  perichondral  sutures  to  accomplish  a  satis¬ 
factory  closure  of  the  chest  Avail.  If  the  Avound  Avas  posterior,  particularly  if 
a  segment  of  rib  had  been  resected,  it  was  not  necessary  to  hold  the  ribs  together 
by  sutures.  EA^en  Avhen  an  intercostal  incision  Avas  employed,  there  AA'as  usually 
sufficient  tissue  to  close  the  defect  Avithout  fixing  the  exposed  portion  of  the 
thoracic  cage  Avith  encircling  ties. 

The  folloAving  technique  Avas  found  satisfactory  for  the  closure  of  prac¬ 
tically  all  surgical  Avounds  of  the  chest : 

Interrupted  sutures  Avere  placed  in  tlte  intercostal  muscles  Avhile  the  ribs 
or  cartilages  AA^ere  broitght  together  Avith  retractors.  Tlie  placing  of  the  in¬ 
struments  Avas  important:  The  loAver  retractor  must  be  placed  not  in  the  inter¬ 
space  adjacent  to  the  Avound  but  at  least  one  interspace  loAver.  Tlie  pressure 
from  this  retractor  Avould  be  transmitted  directly  against  the  nerve  on  the  in¬ 
ferior  edge  of  the  rib  if  it  Avere  placed  in  the  adjacent  interspace.  By  placing 
it  one  or  tAvo  interspaces  loAver,  injury  to  tAVo  or  three  consecutiA^e  intercostal 
neiwes,  Avhich  this  study  had  shoAAUi  to  be  resjoonsible  for  painfvd  sequelae,  could 
be  aAmided.^ 


3  The  reader  is  referred  to  chapter  XI  (p.  441)  for  lonff-term  follo'unip  studios  on  casualties  with 
a  number  of  the  complications  of  thoracic  wounds  described  in  this  chapter. 
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CHAPTER  V 


Wet  Lung 

Thomas  H.  Bur  for  cl,  M.D. 

CONCEPT  AND  GENERAL  CONSIDERATIONS 

During  the  first  year  of  fighting  in  the  Nortli  African  Theater  of  Opera¬ 
tions,  U.S.  Army,  it  gradually  became  apparent  that  casualties  with  fluid  in  the 
lungs,  in  contrast  to  those  Avhose  lungs  were  dry,  presented  many  difficulties  of 
management.  They  required  strenuous  efforts  at  resuscitation  if  they  were  in 
shock,  and  they  did  not  respond  well  to  them.  They  presented  poor  surgical 
risks  when  emergency  surgery  ay  as  necessary.  They  were  prone  to  cleA^elop 
postoperatiA^e  pulmonai'y  complications,  especially  if  they  had  coughed  up 
large  amounts  of  blood  before  operation.  Fatalities  Avere  proportionate!}^  moi-e 
frequent  among  them  than  among  casualties  Avitli  similar  Avounds  Ayhose  lungs 
did  not  contain  fluid.  When  tliese  patients  came  to  autopsy  in  forward 
hospitals,  pulmonary  edema  Avas  the  most  prominent  finding. 

Although  most  surgeons  in  the  theater  Avere  aAvare  of  the  phenomena  just 
described,  tlie  extreme  seriousness  of  the  problem  Avas  not  immediately  realized. 
There  Avas  nothing  in  the  ciAdlian  experience  to  call  attention  to  pulmonary 
edema  as  an  immediate  consequence  of  thoracic  injuries.^  As  a  result,  more 
than  a  year  Avas  to  pass  after  the  onset  of  fighting  in  North  Africa,  before  the 
concept  of  AAdiat  came  to  be  kiioAAm.  as  Avet  lung  aa^is  cleA^eloped  and  appropriate 
methods  of  treatment  Avere  defused. 

The  term  “Avet  lung”  and  the  coiTcept  Avhich  underlay  it  Avere  first  presented 
by  !Maj.  Thomas  IT.  Burford,  MC,  and  Maj.  Benjamin  Burbank,  MC,  at  a  meet¬ 
ing  of  Fifth  U.S.  Army  surgeons  at  the  38th  EA^acuation  Hospital  at  Riardo 
in  February  1944.  At  the  same  time,  they  discussed  its  etiology  and  outlined  the 
principles  of  preA^ention  and  correction. 

In  their  first  presentation  on  this  condition,  Major  Burford  and  Major 
Burbank  described  Avet  lung  as  a  more  or  less  specific  response  of  the  lung 
and  chest  Avail  to  trauma.  They  postulated  the  operation  of  a  somatoAdsceral 
reflex  originating  in  the  chest  Avail  and  mediating  ah^eolar  and  bronchiolar 


iln  1937,  Betts  and  Overholt  (1)  described  a  syndrome  which  sometimes  occurred  from  24  to  4S 
hours  after  thoracic  surgery,  usually  at  night,  and  which  consisted  of  slight  cyanosis,  noisy  respira¬ 
tions,  depression  of  the  cough  reflex,  and  a  shocklike  state.  Xo  matter  how  hard  the  patient  tried, 
I  he  could  not  raise  the  secretions  whose  retention  was  producing  anoxia  and  anoxemia.  The  only  a> 

I  to  break  the  cycle  was  to  remove  the  retained  secretions,  for  which  bronchoscopic  aspiration  was 

necessary.  In  a  number  of  respects,  this  syndrome  seems  to  resemble  the  wet  lung  encountered  in 
combat-incurred  injuries. 
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responses.  They  particularly  emphasized  the  part  played  by  the  painful  chest 
wall  in  the  pathogenesis  of  wet  lung.  It  was  the  chief  explanation  of  the 
patient  s  inability  to  raise  the  secretions  formed  in  excess  as  the  result  of  trauma. 
The  immobilization  of  the  chest  wall  made  effectual  coughing  impossible,  and 
the  result  was  the  saturation  of  the  tracheobronchial  tree  with  secretions  which, 
under  normal  circumstances,  would  have  been  coughed  up. 

Ala j or  Burford  and  Alajor  Burbank  further  suggested  that  a  definite 
one-two  relation  probably  existed  between  the  wet  lung  of  trauma  and  the 
massive  pulmonaiy  collapse  wliich  was  so  common  in  World  War  I.  Their 
theory  was  that  the  wet  phase,  which  was  not  recognized,  precipitated  the  second 
phase,  in  which  massive  collapse  occurred  (p.  210). 

The  concept  of  wet  lung,  as  presented  by  Alajor  Burford  and  Alajor  Bur¬ 
bank,  was  precise  and  specific.  Later,  Alaj.  Lyman  A.  Brewer  III,  AIC,  and 
other  chest  surgeons  in  the  Alediterranean  Theater  of  Operations,  U.S.  Army, 
expanded  the  original  concept  into  a  looser,  broader  concept  of  traumatic  wet 
lung.  In  this  later  concept,  the  term  “wet  lung”  was  used  for  all  forms  of 
retained  tracheobronchial  fluid  resulting  directly  or  indirectly  from  trauma. 

Eecognition  of  the  importance  of  wet  lung  in  no  wise  detracted  from  the 
importance  of  the  primary  lesion  or  of  associated  injuries.  On  the  contrary, 
it  permitted  a  more  rational  approach  to  the  entire  problem  of  combat- incur  reel 
chest  injuries.  The  important  considerations  stressed  by  Alajor  Burford  and 
Alajor  Burbank  were  as  folloAVS : 

1.  The  chest  reacts  to  trauma  in  a  Avay  peculiar  to  itself,  whether  the  injury 
is  a  slight  contusion  of  the  chest  Avail  or  a  seA^ere  penetrating  or  perforating 
injury. 

2.  The  reaction  caused  by  trauma  profoundly  influences  the  aaIioIc  j)atho- 
logic  process,  the  therapy  applied,  and  the  prognosis. 


PATHOGENESIS  AND  PATHOPHYSIOLOGY 

The  pathogenesis  of  wet  lung  can  be  understood  only  if  the  normal  physi- 
respiratoiy  tract  is  borne  in  mind.  In  addition  to  its  function 
as  an  airway,  the  tracheobronchial  tree  has  a  definite  secretory  function,  com¬ 
bined  AAuth  the  capacity  to  rid  itself  of  its  oaaui  secretions  and  of  aspirated  ma¬ 
terial  or  other  fluid  substances  AAdiich  do  not  norjnally  belong  Avithin  its  lumen. 
Evacuation  of  the  tracheobronchial  tree  is  accomplished  (1)  iiwoluntarily,  by 
action  of  the  cilia  and  movement  of  the  bronchial  musculature,  and  (2) 
voluntarily,  by  coughing. 

In  spite  of  the  extensiA^e  experience  of  World  War  II,  little  is  yet  under¬ 
stood  concerning  the  effect  of  trauma  to  the  chest  on  the  function  of  the 
bronchial  cilia  and  on  other  factors  influencing  the  passage  of  secretions 
through  the  tracheobronchial  tree.  The  presumption  seemed  Avarranted  that 
after  trauma,  these  functions  became  depressed  or  Avere  perhaps  entirely  in¬ 
terrupted.  Clinically,  it  aaus  clear  that  the  normal  cough  mechanism  aaus 
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seriously  impaired  in  the  presence  of  moderate  and  severe  trauma,  and  some¬ 
times  of  slight  trauma. 

The  lungy  which  is  a  specialized  organ,  reacts  to  trauma  in  just  as  special¬ 
ized  a  manner  as  does  the  brain  or  any  other  specialized  organ.  In  combat 
casualties  Avith  chest  injuries,  the  pulmonary  reaction  took  two  forms : 

1.  The  production  of  an  excess  of  secretions  or,  in  the  broader  concept  of 
Major  Brewer  and  his  associates,  of  transudates  and  extravasated  blood  also. 

2.  The  development  of  conditions  Avhich  prevented  the  normal  and  ade¬ 
quate  elimination  of  these  fluids. 

At  present,  there  is  insufficient  evidence  to  ^^Brmit  formulation  of  a  precise 
explanation  for  this  dual  process.  Ex^^erimentally,  de  Takats  and  his  asso¬ 
ciates  (2)  demonstrated  that  any  appreciable  trauma  to  the  chest  wall  was 
folloAved  almost  immediately,  in  60  percent  of  the  animals,  by  widespread 
bronchial  spasm  and  increased  bronchial  secretions.  Bronchial  spasm  of  the 
same  degree  could  also  be  produced  by  stimuli  applied  within  the  abdomen, 
such  as  traction  on  the  cystic  duct  or  the  mesentery. 

It  would  be  tempting  to  apply  these  experimental  results  to  combat  casual¬ 
ties  and  to  postulate  the  existence  of  reflex  bronchial  and  bronchiolar  spasm 
originating  after  trauma  as  the  result  of  a  painful  chest  Avail  or  pleura,  but 
there  are  tAvo  reasons  Avhy  the  transfer  Avould  not  be  justified : 

1.  The  Avhole  case  for  bronchosiAasm  rests  on  evidence  that  is  still  far  from 
acceptable. 

2.  The  hypothesis  of  bronchial  spasm  Avould  explain  only  part  of  the 
phenomena  observed  in  traumatic  Avet  lung. 

Even  though  it  Avas  not  possible  to  explain  the  initial  effect  of  thoracic 
trauma  on  the  function  of  the  tracheobronchial  tree,  the  course  of  events  after- 
Avard  Avas  quite  clear : 

1.  The  presence  in  the  tracheobronchial  tree  of  mucoid  secretions  in  far 
more  than  normal  amounts,  as  Avell  as  of  transudates,  blood,  and  aspirated  ma¬ 
terial  caused  a  mechanical  obstruction  and  prevented  adequate  oxygenation  of 
the  alveoli. 

2.  With  the  suppression  of  the  normal  cough  reflex,  the  tracheobronchial 
tree  became  increasingly  less  capable  of  eliminating  secretions,  and  more  fluid 
accumulated  in  it. 

3.  As  these  conditions  continued,  less  oxygen  became  available  to  the 
pulmonary  capillaries.  It  could  be  assumed  from  the  Avork  of  Drinker  and 
Warren  (S)  that  anoxia  increased  capillary  permeability  and  permitted  more 
plasma  to  be  lost  into  the  tissues.  Increased  amounts  of  fluid  extravasated 
from  the  pulmonary  capillaries  into  the  alveoli  further  decreased  the  oxygen 
available  for  the  bloodstream. 

4.  The  plugging  of  branch  bronchi  Avith  secretions  p)revented  the  exchange 
of  gases  in  the  lobules  supplied  by  these  bronchial  cliAdsions,  and  lobular  ate¬ 
lectasis  resulted. 
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5.  Plugging  of  a  branch  bronchus  to  a  lobe  or  of  a  stem  bronchus  to  a  lung 
increased  the  anoxic  anoxia  that  was  the  result  of  partial  obstruction,  for  two 
reasons:  (1)  The  alveolar  bed  available  for  the  absorption  of  oxygen  was  far 
smaller  than  normal,  and  (2)  sooner  or  later,  a  mediastinal  shift  resulted. 

When  blood  was  present  in  the  tracheobronchial  tree  as  the  result  of 
trauma,  it  could,  in  itself,  cause  bronchial  obstruction.  It  also  had  another 
effect,  that  the  irritation  of  the  bronchial  mucosa  that  it  caused  was  responsible, 
in  turn,  for  an  increase  of  tracheobronchial  secretions. 

When  wet  lung  appeared  soon  after  wounding,  its  most  potent  effect  was 
the  promotion  of  anoxia.  When  it  persisted  or  was  allowed  to  progress  without 
treatment  to  the  point  just  described,  it  paved  the  way  for  subsequent  pulmonary 
complications.  A  patient  who  was  not  too  severely  wounded  and  in  whom 
other  conditions  were  favorable  might  recover  from  his  initial  shock  without 
complete  removal  of  the  fluid  that  was  producing  obstruction  of  the  trache¬ 
obronchial  tree.  In  such  an  instance,  however,  the  causative  factors  were  un¬ 
changed,  and  the  stage  was  set  for  the  development  of  tracheobronchitis, 
atelectasis,  q>neumonitis,  and  pneumonia.  Wet  lung  sometimes  seemed  to  be 
the  chief  factor  upon  which  the  outcome  of  an  injury  hinged.  Failure  to  take 
active  measures  to  combat  it  could  lead  to  chronic  pulmonary  invalidism,  and, 
before  this  complication  was  clearly  understood,  more  than  one  patient  Avith  an 
uncontrolled  Avet  lung  died  from  this  cause  alone. 

It  Avas  of  the  greatest  importance  that  anoxia  be  relieved  promptly.  If 
it  was  not,  serious  changes  occurred  in  other  organs,  particularly  in  the  central 
nervous  system,  Avliich  is  highly  sensitAe  to  an  oxygen  deffcit.  Severe  cerebral 
anoxia,  eA^en  if  it  persisted  for  only  a  short  time,  could  result  in  serious  cortical 
impairment.  The  psychotic  manifestations  and  coma  observed  in  some  patients 
Avith  chest  injuries  could  reasonably  be  attributed  to  this  cause. 

There  Avas  clear  clinical  evidence  of  the  relation  of  the  pathophysiologic 
disturbances  produced  by  Avet  lung  to  the  patient’s  general  status.  In  numer¬ 
ous  instances,  shock  which  had  not  responded  to  standard  replacement  therapy 
and  other  resuscitatiA'C  measures,  or  Avhich  had  become  deeper  as  they  Avere  in 
progress,  cleared  up  quickljq  and  even  dramatically,  Avhen  appropriate  meas¬ 
ures  for  the  relief  of  Avet  lung  Avere  instituted. 

As  clinical  experience  accumulated,  the  theory  seemed  reasonable  that  a 
definite  relation  might  exist  betAveen  the  Avet  lung  of  trauma  as  it  Avas  recog¬ 
nized  in  World  War  II  and  the  massive  pulmonary  collapse  described  by 
Pasteur  (4-)  in  1914  and  described  later,  under  the  name  of  acute  massive 
atelectasis,  by  Churchill  (S),  It  Avas  an  attractive  hypothesis  to  conceiA-e  of  Avet 
lung  as  the  antecedent  stage,  and  in  a  sense  the  precipitating  cause,  of  silent 
massiA^e  pulmonary  collapse. 

Such  an  assumption  Avould  explain  the  extreme  rarity  of  massive  pul¬ 
monary  collapse  in  the  Mediterranean  theater,  Avhere  surgeons  became  increas¬ 
ingly  alert  to  the  recognition  of  Avet  lung  and  increasingly  vigorous  in  its 
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treatment.  Minor  degrees  of  atelectasis  were  frequently  observed  in  cases  of 
wet  lung  which  were  inadequately  treated. 

ETIOLOGIC  FACTORS 

The  events  just  described  were  most  often  observed  after  chest  injuries. 
Wet  lung,  however,  was  a  possibility  in  other  injuries,  including  thoracoab¬ 
dominal  injuries,  abdominal  injuries,  and  head  injuries,  particularly  those  that 
were  associated  Avith  coma  and  unconsciousness. 

Usually,  though  by  no  means  always,  the  degree  of  Avetness  depended  u^Don 
the  type  and  severity  of  the  primary  lesion,  the  size  and  A-elocity  of  the  missile, 
and  Avhether  or  not  the  missile  had  struck  a  portion  of  the  bony  cage  or  only 
the  soft  tissues.  The  size  of  the  intrapulmonary  A^essels  that  Avere  damaged 
had  a  bearing  on  the  amount  of  blood  extravasated.  Wet  lung  AA^as  ^^resent  to 
some  degree  in  practically  all  cases  of  thoracic  trauma,  though  it  might  be 
transitory  or  so  slight  as  to  be  almost  unrecognizable  clinically  even  Avhen  it 
was  carefully  searched  for.  Sometimes,  too,  the  primary  thoracic  lesion  Avas 
of  sucli  seA-erity  that  it  masked  the  underlying  physiopathologic  substratum. 
In  many  cases,  on  the  other  hand,  Avet  lung  Avas  present  to  a  far  more  severe 
degree  than  might  liaA^e  been  expected  from  tlie  relative  mildness  of  the  initial 
Avounds. 

A  number  of  other  factors  played  a  part  in  the  causation  of  Avet  lung : 

Pain 

Pain  Avas  an  almost  invariable  component  of  chest  trauma.  Its  exact  in¬ 
fluence  in  the  production  of  Avet  lung  Avas  never  fully  clarified,  but  there  was 
no  doubt  that  it  played  an  imjoortant  part  in  both  its  incexDtion  and  its  progress. 
It  had  at  least  three  harmful  effects : 

1.  It  induced  a  shalloAv  type  of  respiration,  for  protective  reasons. 

2.  The  natural  reaction  to  pain  Avas  Amluntary  splinting  of  the  affected 
area. 

3.  The  affected  hemithorax  therefore  moA^ed  less  than  the  unaffected  side, 
Avith  a  resultant  decrease  in  the  movement  of  air  back  and  forth  in  the  bronchi. 
A  decrease  in  the  tidal  respiration  Avas  probably  of  more  importance  than  Avas 
at  first  recognized,  as  it  lessened  the  amount  of  secretion  that  might  be  dis¬ 
posed  of  by  eA'ap oration. 

Suppression  of  the  Cough  Reflex 

The  normal  Amluntary  cough  mechanism  consists  of  four  steps : 

1.  The  air  is  draAvn  Amluntarily  into  the  lungs  by  raising  the  ribs  and 
lowering  the  diaphragm. 

2.  The  breath  is  held  momentarily  by  closing  the  glottis. 


212 


THORACIC  SURGERY 


3.  The  abdominal  muscles  are  tensed,  the  intercostal  spaces  are  narrowed, 
and  the  diaphragm  is  relaxed  to  provide  explosive  force. 

4.  The  glottis  is  then  suddenly  opened,  and  the  bechic  blast  required  to 
raise  the  sputum  is  thus  released. 

A  number  of  conditions  present  in  chest  ti'auma  prevented  the  succession 
of  steps  just  listed,  all  of  which  are  necessary  for  etfective  coughing.  Pain 
arising  in  either  the  chest  wall  or  the  pleura  prevented  both  expansion  and 
forceful  contraction  of  the  thorax.  Pib  fractures  Avere  frequently  associated 
Avith  seA^ere  pain  Avhen  either  coughing  or  deep  breathing  Avas  attempted.  If 
there  Avere  multiple  fractures  of  the  ribs  or  of  the  sternum,  Avith  a  resulting- 
flail  chest,  the  paradoxical  moA^ement  of  the  chest  Avail  made  effective  coughing 
impossible.  On  inspiration,  it  moved  outAA^rd.  Attempts  at  coughing  simply 
aggravated  these  paradoxical  moA'cments. 

Wounds  that  caused  abdominal  pain,  AAdiether  they  Avere  located  in  the 
abdomen  or  in  the  chest,  prevented  the  tensing  of  the  abdominal  muscles  neces¬ 
sary  for  an  effective  cough.  The  pistonlike  action  of  the  diaphragm,  A\-hich  is 
a  part  of  the  act  of  coughing,  Avas  impossible  in  a  diaphragmatic  injury.  Ileus, 
acute  dilatation  of  the  stomach,  and  the  presence  of  free  fluid  in  the  peritoneal 
caAdty  also  had  a  more  or  less  inhibitory  action  on  the  cough  mechanism. 

Sedation  and  Anesthesia 

0\-ersedation  from  the  too-liberal  use  of  morphine  Avas  a  fairly  frequent 
contributing  cause  of  Avet  lung.  As  their  experience  increased,  shock  officers 
in  field  and  evacuation  hospitals  learned  to  be  constantly  on  their  guard  against 
giving  morphine  to  freshly  Avounded  casualties.  Often  the  patients  did  not 
need  it  at  all.  They  Avere  simply  apprehensive  as  the  result  of  anoxia  and 
disturbed  and  uncomfortable  from  the  ambulance  ride.  When  morphine  Avas 
really  needed,  it  Avas  given  intravenously,  not  subcutaneously,  in  %-gT.  or  at 
most  doses. 

Early  in  the  war,  as  pointed  out  elseAAdiere  (Ami.  I),  and  much  less  often 
later  in  the  Avar,  casualties  Avith  fractured  ribs,  flail  chests,  and  other  painful 
thoracic  and  abdominal  Avounds  often  arrived  in  the  shock  AA-ards  of  field  and 
evacuation  hospitals  Avith  overdosages  of  morphine  compounding  their  original 
difficulties.  For  a  A^ariety  of  reasons  they  had  receWed  too  much  medication. 
Eespiratory  distress  Avas  sometimes  as  inherently  frightening  to  the  inexperi¬ 
enced  medical  officer  as  to  the  casualty,  and  efforts  made  by  these  officers  to 
relieve  the  patient  Avere  sometimes  as  frantic  and  ineffectual  as  the  patient’s 
own  efforts  to  get  his  breath. 

WhateATr  the  background,  oversedation  iiiA^ariably  led  to  an  increase  in 
the  accumulation  of  secretions  in  the  tracheobronchial  tree  and  a  decrease  in 
the  cough  reflex.  As  a  result,  shock  was  increased,  and  preparation  of  the 
casualty  for  emergency  surgery  or  for  further  evacuation  became  more  difficult. 
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Prolonged  administration  of  an  inhalation  anesthetic  to  a  patient  in  poor 
condition,  whose  reaction  was  delayed  after  operation,  often  led  to  the  reten¬ 
tion  of  bronchial  secretions  and  to  later  pnlmonary  complications.  This  was 
particularly  true  if  the  airway  had  not  been  kept  clear  by  catheter  suction 
during*  the  operation  and  if  bronchoscopy  had  not  been  performed  at  the 
conclusion  of  the  procedure  when  there  was  any  doubt  at  all  about  the  efficacy 
of  suction. 

Preexistent  Respiratory  Infection 

It  was  not  unusual  for  secretions  to  be  present  in  the  bronchial  tree  before 
injury.  Soldiers  who  had  undergone  exposure  during  combat,  particularly 
during  the  cold,  Avet  months  of  winter,  frequently  had  upper  respiratory  infec¬ 
tions  or  frank  bronchitis,  associated  with  mucopurulent  secretions.  In  the 
Mediterranean  theater,  preexistent  respiratory  infections  Avere  often  aggra- 
Anted  by  the  circumstances  of  cA^acuation.  During  the  mountain  fighting  in 
the  Avinter  of  1943^4,  casualties  had  to  be  brought  doAvn  the  mountain  by  litter 
carry.  Often  as  many  as  8  to  12  relays  Avere  required  betAveen  the  battalion 
aid  station  and  the  collecting  station.  As  a  result,  exposures  of  12  hours  or 
more  after  AAmunding  AA-ere  not  unusual. 

Overhydration 

No  matter  Iioaa"  urgently  replacement  therapy  might  be  needed,  it  had  to  be 
instituted  judiciously  in  patients  Avhose  cardiorespiratory  physiology  Avas  dis¬ 
turbed  after  Avounding  (Ami.  I).  The  administration  of  too  much  plasma  in 
battalion  aid  and  clearing  stations,  or  even  of  too  much  blood  in  field  and 
evacuation  hospitals,  might  place  such  an  extra  load  on  the  circulatory  system 
that  pulmonary  edema  might  develop  and  contribute  to  the  etiology  of  Avet  lung 
arising  directly  from  the  Avound. 


CLINICAL  PICTURE 

Wet  lung  usually  appeared  shortly  after  Avounding,  sometimes  Avithin  a 
feAv  hours.  Less  often,  it  did  not  deAmlop  for  as  long  as  5  or  6  days  after  injury. 

The  presence  of  abnormal  amounts  of  fluid  in  the  tracheobronchial  tree  in 
thoracic  injuries  was  manifested  by  certain  cardinal  symptoms  and  signs,  the 
early  recognition  of  AAdiich  prevented  the  deAmlopment  of  graver  complications. 
Cough  and  dyspnea  were  the  chief  symptoms,  and  rales  were  the  predominant 
physical  finding. 

Symptoms.— The  cough  associated  with  wet  lung  was  usually  described 
as  a  Avet  cough  because  of  the  rattling  or  gurgling  element  ahvays  present  in  it. 
It  might  be  hacking,  liarassing,  continuous,  or  paroxysmal.  Small  amounts  of 
sputum  Avere  often  raised  by  constant  coughing,  but  the  cough  remained  moist; 
because  there  was  little  expulsiA'e  force  behind  it,  it  was  never  fully  product Ae. 
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Inexperienced  medical  officers  might  receive  the  impression  that,  because  some 
sputum  Avas  raised,  tracheobronchial  drainage  was  good,  but  the  persistence 
of  wheezes  and  rattles  in  the  chest  proved  that  it  was  still  poor.  As  a  matter 
of  fact,  only  tlie  most  superficial  secretions  were  raised,  just  as  small  amounts 
of  fluid  are  splashed  out  from  the  top  of  a  full  cup  that  is  continuously 
replenished. 

The  dyspnea  characteristic  of  v  et  lung  could  be  explained  in  a  number  of 
ways.  It  might  be  the  result  of  painful,  jerky,  shallow  respirations,  each  in¬ 
spiratory  eflort  being  limited  by  the  pain  that  the  preceding  eftort  had  caused. 
I\  hen  trauma  liad  been  considerable,  the  explanation  might  be  hemothorax  or 
mediastinal  shift,  ^¥hen  damage  had  been  minimal,  the  most  reasonable  ex¬ 
planation  was  partial  bronchial  obstruction  with  resulting  anoxia.  Some 
patients  seemed  to  be  having  typical  asthma.  Ajoprehension  was  an  occasional 
cause  of  dyspnea. 

When  dyspnea  was  extreme,  orthopnea.,  restlessness,  excitement,  and  dis¬ 
orientation  Avere  present  as  the  result  of  cerebral  anoxia. 

Signs. — The  patient’s  appearance  varied  according  to  the  severity  of  his 
injury  and  whetlier  or  not  he  Avas  in  shock.  FeA^er  and  eAddences  of  toxicity 
were  constantly  present  in  late  cases. 

Eespirations  Avere  frequently  grunting  because  they  Avere  painful.  Motion 
AA’as  usually  restricted  OA^er  the  iiiA^olA^ed  area  of  the  chest.  ISreath  sounds  Avere 
reduced  in  intensity,  but  if  hemothorax,  pulmonary  hematoma,  or  some  similar 
complication  AAxre  not  associated  AAnth  the  injury,  the  percussion  note  and  the 
tactile  fremitus  Avere  unlikely  to  be  materially  altered. 

The  most  characteristic  physical  finding  in  AA^et  lung  Avas  the  presence  of 
rales,  bronchial  in  character.  They  Avere  sometimes  heard  on  both  sides  of  the 
chest;  their  bilateral  presence  Avas  a  A^aluable  diagnostic  sign.  More  often, 
they  Avere  more  intense  on  the  injured  side.  They  ranged  from  high-pitched 
Avheezes,  AAdiich  some  surgeons  considered  indicatiA^e  of  associated  broncho- 
spasm,  to  medium  or  coarse  bubbling  rales  or  rhonchi.  Eales  that  Avere  Avheez- 
ing  and  high-pitched  sometimes  had  a  dry  quality.  Sometimes  fine  rales  that 
Avere  predominantl}'  moist  or  bubbling  Avere  so  numerous  as  to  suggest  the  type 
heard  in  simple,  nontraumatic  pulmonary  edema  or  in  bronchial  asthma. 
These  rales  Avere  frequently  bilateral.  Bubbling,  sonorous  rales  Avere  some¬ 
times  heard  in  combination  Avith  a  classical  tracheal  rattle;  in  such  cases,  the 
sputum  Avas  predominantly  liquid. 

Eales  Avere  often  so  loud  that  the  stethoscope  Awas  not  needed  to  identify 
them.  They  could  be  heard  at  the  bedside,  or  eA^en  at  some  distance  from  the 
patient,  just  as  in  typical  bronchial  ashma.  While  all  varieties  and  gradations 
of  rales  might  be  present  in  any  single  chest,  diffuse  moist  rales  Avere  especially 
characteristic  of  the  primary  phase  of  traumatic  AA^et  lung. 

Eales  Avere  sometimes  not  demonstrable  unless  the  examination  was  made 
immediately  after  the  patient  liad  coughed,  Tliej^  might  not  be  heard  at  all  if 
sticky  mucus  was  attached  to  the  tracheal  or  bronchial  Avail  or  if  a  branch 
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bronchus  was  completely  blocked.  In  such  cases,  fine  crackling  sounds  could 
usually  be  heard  if  the  stethoscope  was  placed  over  the  patient’s  mouth. 

As  already  indicated,  a  coexistent  hemothorax,  pneumothorax,  or  some 
other  finding  might  so  alter  or  mask  the  typical  clinical  symptoms  and  signs  of 
wet  lung  that  its  existence  would  not  be  suspected  unless  the  medical  officer  bore 
the  possibility  in  mind. 

DIAGNOSIS 

Clinical  observations. — In  early  stages  of  traumatic  wet  lung,  the  evidence 
of  moisture  obtained  by  auscultation  was  the  most  important  diagnostic  sign. 
The  presence  of  rales  anywhere  in  the  chest,  even  over  portions  not  involved  in 
the  trauma,  was  a  valuable  clue,  indicating  as  it  did  that  wet  lung  was  either 
present  or  in  process  of  development. 

In  advanced  cases,  the  diagnosis,  as  already  stated,  could  sometimes  be 
made  without  the  use  of  the  stethoscope  because  dyspnea  was  so  obvious  and 
rales  were  audible  even  at  a  distance  from  the  bed.  The  physical  findings  in 
late  cases  were  those  ordinarily  observed  in  atelectasis  and  pneumonia.  Dis¬ 
tant  bronchial  breathing  Avas  often  heard  over  small  areas  of  the  chest  and 
might  represent  either  patchy  lobular  atelectasis  or  a  pneumonic  process.  The 
diagnosis  of  wet  lung  Avas  established  if  the  intensity  or  location  of  bronchial 
breathing  changed  Avitli  forced  coughing. 

The  character  of  the  secretions  raised  Avas  also  of  diagnostic  significance. 
Hemoptysis  usually  denoted  pulmonary  injury;  the  blood  Avas  fresh-looking 
Avhen  hemorrhage  was  recent  and  Avas  clotted  and  mixed  with  mucus  when  it 
Avas  not.  If  the  secretions  Avere  the  result  of  reflex  stimuli  from  trauma  to  the 
chest  or  irritation  from  aspirated  material,  or  Avere  part  of  a  very  early  infec¬ 
tion,  they  Avere  likely  to  be  mucoid.  As  infection  deA^eloped  in  the  bronchial 
tree,  they  became  inci^easingly  purulent.  The  presence  of  purulent  sputum 
could  sometimes  be  explained  on  the  basis  of  a  preexisting  respiratory  infection 
and  sometimes  by  the  development  of  a  neAV  infection  in  the  stagnated  bronchial 
secretions.  Thin,  yellow,  pink  or  colorless  fluid,  often  frothy  because  of  the 
admixture  of  air,  indicated  the  pulmonary  transudation  and  exudation  (edema) 
typical  of  more  advanced  wet  lung.  Then,  serosanguineous  fluid  suggested 
hemothorax  Avith  bronchopleural  fistula.  Similarly,  thin,  seropurulent  fluid 
suggested  early  empyema  Avith  bronchopleural  fistula.  Most  often,  the  sputum 
represented  a  combination  of  the  types  described  rather  than  a  single,  clear-cut 
type. 

Roentgenologic  examination. — ^Wliile  roentgenologic  examination  was 
highly  desirable  in  all  instances  of  chest  trauma,  it  Avas  ahvays  deferred  until 
the  patient  Avas  brought  out  of  shock  and  steps  had  been  taken  to  dry  out  the 
tracheobronchial  tree. 

The  roentgenograms,  AAdiich  were  taken,  AAdieneA^er  possible,  in  at  least  two 
planes,  Avere  frequently  difficult  to  interpret  and  Avere  not  ahvays  useful.  In 
the  initial  stages  of  wet  lung,  roentgenologic  changes  Avere  minimal,  even  when 
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th6r6  "was  clinical  and  auscultatory  cvidciic©  of  a  considerable  degree  of  obstruc¬ 
tion  and  moisture.  Pateby  lobular  atelectasis  in  the  early  stages  might  be  in¬ 
distinguishable  from  the  shadows  cast  by  a  pulmonai'y  hematoma  (p.  165)  or 
the  pathologic  process  present  in  pulmonary  contusion  (p.  4).  When  intra- 
pulmonary  bleeding  had  occurred,  the  shadoAvs  were  likely  to  be  round  or  OA^al. 
When  a  hematoma  was  present,  there  might  be  evidence  of  small,  loculated 
air  pockets.  Later,  Avhen  lobular  or  total  pulmoiiary  atelectasis  had  occui*red, 
the  collajDse  of  the  affected  parts  of  the  lung  produced  the  classical  signs  of 
mediastinal  shift  and  narroAving  of  the  intercostal  spaces. 

On  the  AAdiole,  AAdiile  roentgenologic  examination  Avas  sometimes  useful  and 
AA^as  neA  61  omitted  because  of  the  chest  injury,  the  diagnosis  of  wet  lung  in  the 
early  stages  Avas  a  clinical  matter. 

Differential  diagnosis. — As  a  practical  consideration,  the  question  of  dif¬ 
ferential  diagnosis  seldom  arose  in  connection  AAuth  traumatic  AAnt  lung.  The- 
oietically,  the  condition  had  to  be  distinguished  from  bronchial  asthma,  pul¬ 
monary  edema  of  cardiac  origin,  and  pulmonary  edema  associated  Avith 
peripheral  vascular  failure. 

The  differentiation  Avas  not  difficult.  The  history  of  trauma  and  the 
absence  of  any  history  of  previous  asthmatic  attacks  promptly  ruled  out  bron¬ 
chial  asthma.  Since  the  young  soldier  Avas  almost  never  a  cardiac  subject,  the 
necessity  of  differentiating  traumatic  AAet  lung  from  pulmonary  edema  of 
cardiac  origin  almost  never  arose.  Occasionally,  hoAvever,  patients  Avith  thoracic 
injuries  had  had  such  vigorous  intravenous  fluid  therapy  that  the  hlood  Amlume 
had  become  too  much  for  an  already  embarrassed  respiratory  mechanism  and 
right  heart  failure  had  supervened.  In  such  cases,  the  manifestations  of  Avet 
lung  Avere  interAvoven  Avith,  and  intensified  by,  those  of  right  heart  failure. 

Pulmonary  edema  associated  Avith  peripheral  vascular  failure  either  from 
shoclv  due  to  severe  trauma  or  from  an  overAvhelming  toxemia  Avas  sometimes 
difficult  to  differentiate  from  Avet  lung,  particularly  Avlien  shock  Avas  associated 
AAith  the  latter.  The  nature  of  the  exciting  lesion,  the  pallor,  Ioaa^  blood  pres¬ 
sure,  tachycardia,  and  Aveak,  tliready  pulse  had  to  be  evaluated,  as  Avell  as  the 
1  espouse  to  attempts  to  clear  the  tracheobronchial  tree.  In  AA^et  lung*,  the  re¬ 
sponse  AAvas  usually  rapid.  If  the  pulmonary  edema  was  associated  Avith  pe- 
lipheial  Aascular  failure,  it  AA'ould  not  respond  to  the  therapy  indicated  for 
Avet  lung  because  its  etiology  Avas  different. 

PROPHYLAXIS 

As  their  experience  accumulated,  medical  officers  came  to  realize  that  it  Avas 
the  part  of  Avisdom  to  regard  as  a  potential  candidate  for  Avet  lung  every 
casualty  Avith  a  chest  Avound,  a  thoracoabdominal  Avound,  a  severe  abdominal 
injury,  or  a  head  injury.  On  their  admission  to  forAvard  hospitals,  all  patients 
in  these  categories,  particularly  those  aaTo  complained  of  thoracic  pain  or  who 
presented  dyspnea,  wheezing,  hemoptysis,  and  a  cough,  were  carefully  examined 
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for  evidences  of  fluid  in  the  pulmonary  tree.  The  following  routine  was  carried 
out: 

1.  Unless  the  patient  was  in  shock  or  unconscious,  he  was  placed  in 
Fowler’s  position,  so  that  the  abdominal  contents  would  gravitate  into  the 
pelvis.  The  diaphragm  could  thus  act  more  etrectively,  with  corresponding 
improvement  in  respiration  and  in  the  efficacy  of  the  cough.  The  position 
was  changed  frequently  if  the  patient  could  not  turn  himself.  This  measure 
wms  not  always  stressed  as  it  should  have  been. 

2.  If  the  patient  was  dyspneic  or  cyanotic,  oxygen  Avas  administered  by 
nasal  catheter  or  by  the  Boothby-Lovelace-Bulbulian  mask. 

3.  If  his  breathing  Avas  at  all  wet,  the  patient  Avas  encouraged  to  cough 
(fig.  67A),  the  chest  being  supported  manually  AvheneA^er  personnel  could  be 
spared  for  this  purpose.  The  ph^-sical  support  of  a  painful  chest  Avas  helpful, 
and  the  psychic  efl'ect  Avas  excellent;  the  patient  Avas  impressed  Avith  the  impor¬ 
tance  of  coughing  because  someone  took  the  time  and  trouble  to  help  him  to  do 
so.  If  he  Avas  sufficiently  alert  to  comprehend,  as  already  mentioned,  the  impor¬ 
tance  and  rationale  of  coughing  Avere  explained  to  him,  Avhicli  made  him  much 
more  Avilling  thereafter  to  cough,  in  spite  of  any  associated  discomfort. 

4.  If  the  patient  Avas  conscious,  complained  of  pain,  and  had  evidently  had 
no  preAuous  sedation,  a  small  dose  of  morphine  sulfate,  preferably  not  more  than 
gr.  %,  Avas  giA^en  by  A-ein,  so  that  it  Avould  act  promptl}^  and  its  e fleet  on  the  pain¬ 
ful  chest  could  be  more  accurately  eA^aluated. 

5.  The  usual  measures  employed  in  all  chest  Avounds  Avere  carried  out.  If 
the  dressing  coA^cring  a  sucking  AvoTind  Avas  not  already  airtight,  it  Avas  rear¬ 
ranged.  The  indicated  resuscitatiA^e  measures  Avere  instituted,  Avith  great  care 
not  to  overload  the  circulation  Avitli  fluids.  The  gastric  tube  Avas  inserted  if 
there  Avas  evidence  of  ileus  or  gastric  distention  (fig.  67B).  If  a  hemothorax 
or  tension  pneumothorax  Avas  present,  aspiration  Avas  employed  to  increase  the 
Adtal  capacity. 

If  Avet  lung  had  not  yet  become  established  but  Avas  merely  impending  or 
incipient,  these  measures  Avere  usually  etfectiA^e  and  the  patient  rapidly  became 
a  fit  candidate  for  surgery  in  a  foiavard  hospital  or  could  be  safely  eA^acuated  to 
a  fixed  hospital. 

MANAGEMENT 

Principles 

As  already  pointed  out,  the  various  factors  responsible  for  Avet  lung  consti¬ 
tuted  a  vicious  circle.  TIiq>j  included  accumulation  of  secretions  in  the  smaller 
bronchi;  limitation  of  normal  respiratory  motion  because  of  pain;  the  suppres¬ 
sion  of  the  cough  reflex,  as  Avell  as  of  the  desire  to  cough,  because  of  pain ;  and 
the  resultant  effect  of  the  Avet  lung  on  the  oxygenation  of  the  blood. 
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Figure  67, — Management  of  patient  with  wet  lung.  A.  Clearance  of  chest  by  coughing, 
with  patient  supporting  his  own  chest.  B.  Insertion  of  Levin  tube  for  control  of  gastric 
dilatation.  C.  Application  of  elastic  binder  for  stabilization  of  flail  chest  or  external  fixa¬ 
tion  of  fractures.  D.  Intercostal  nerve  block  (for  details  of  technique,  see  fig.  68).  E. 
Aspiration  of  bronchi  by  catheter  passed  transnasally.  P.  Bronchoscopy,  which  is  resorted 
to  if  catheter  aspiration  is  not  successful.  G.  Administration  of  intermittent  positive 
pressure  oxygen  therajiy  by  manual  compression  of  ventilatory  bag  of  field  hospital  port¬ 
able  anesthetic  machine. 
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Breaking-  this  Ancioiis  circle  by  attacking  its  various  components  was  the 
basis  of  the  active  therapy  of  established  wet  lung.  In  its  active  management, 
as  well  as  in  its  prophylaxis,  the  x^rincipal  aims  of  therapy  were: 

1.  The  maintenance  of  an  ox)en  airway,  so  that  insj^ired  oxygen  could 
reach  the  alveolar  capillaries. 

2.  The  x)i’omx)t  correction  of  conditions  that  were  contributing  to  dyspnea, 
anoxia,  and  shock. 

To  achieve  these  aims,  it  was  necessary  to  control  the  production  of  fluid 
in  the  lungs  and  to  x:>romote  adequate  bronchial  drainage,  as  well  as  to  institute 
such  otlier  measures  as  were  necessary  to  correct  the  disturbed  cardiorespira¬ 
tory  pliysiology. 

Relief  of  Pain 

Relief  of  pain  and  physiologic  remobilization  of  the  chest  wall  after 
thoracic  injury  were  the  sine  qua  non  of  a  successful  therapeutic  effort  in  wet 
lung.  In  jorewar  civilian  x)ractice,  the  desired  results  had  been  achieved  by 
adhesive  strapping  and  the  administration  of  moiq^hine.  These  measures  had 
never  been  xdiysiologically  sound.  In  combat-incurred  injuries,  both  were  in¬ 
effective,  and  even  in  stove-in  chest,  they  were  not  necessary. 

In  severe  flail  chest  with  extreme  paradoxical  respiration,  strapping  of 
the  chest  or  the  use  of  a  firm  binder  was  occasionally  necessary  to  x)revent  bal¬ 
looning  out  of  the  chest  wall  (flg.  67C).  The  method  was  never  officially  for¬ 
bidden,  but  with  these  very  occasional  exceptions,  its  use  was  avoided. 

The  administration  of  morj)hine  was  equally  undesirable.  It  made  the 
patient  less  aware  of  his  discomfort,  it  is  true,  but  it  did  not  make  the  cough 
mechanism  x^^^iuless,  and  it  diminished  the  cough  reflex.  Furthermore,  by 
dulling  the  sensorium,  it  made  the  patient  less  aware  of  his  own  responsibility 
for  overcoming  his  respiratory  difliculties. 

Intercostal  Nerve  Block 

The  most  effective  method  of  relieving  chest  pain  and  making  it  jiossible 
for  a  casualty  with  a  chest  wound  to  evacuate  the  tracheobronchial  tree  by 
coughing  Avas  intercostal  nerve  block  at  the  site  of  injury  (fig.  6TD),  or,  alter¬ 
natively,  x^aravertebral  sympathetic  nerve  block.  One  reason  that  it  Avas  nec¬ 
essary  to  employ  both  the  intercostal  and  the  x:>ar  a  vertebral  techniques  of 
iierA^e  block  Avas  that  certain  Avounds  Avere  so  situated  that  simx^le  intercostal 
block  Avas  not  ahvays  feasible. 

Whether  intercostal  nerve  block  did  more  than  abolish  x>^iu  and  effect 
an  interruption  of  the  reflex  arc  Avas  a  matter  of  speculation.  It  Avas,  hoAvever, 
a  logical  procedure.  According  to  LeAvis  ((?),  afferent  x>ain  impulses  from  the 
thoracic  abdominal  Avail  are  transmitted  by  Avay  of  tlie  sympathetic  nerves, 
whose  fibers  accompany  the  intercostal  nerves  as  far  as  the  intervertebral  for¬ 
amina,  whence  they  de]3art  as  rami  comm  unicant  es  to  form  part  of  the 
vertebral  symx)athetic  chain.  There  seemed  little  difference,  therefore,  betAveen 
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interrupting  the  pain  patliAvay  by  blocking  the  intercostal  nerves  or  blocking 
the  paravertebral  chain  through  which  pain  impulses  pass. 

The  nerves  could  be  anesthetized  at  any  point  posterior  to  the  lesion.  At 
least  three  nerves  were  always  injected,  to  provide  a  generous  margin  of  anes¬ 
thesia  around  the  traumatized  area.  As  many  as  10  intercostal  nerves  or  para¬ 
vertebral  ganglia  could  be  blocked  with  safety,  but  when  more  than  4  or  5 
nerves  were  to  be  injected,  it  was  the  policy  to  give  a  small  preliminary  dose 
of  some  barbiturate,  to  lessen  the  risk  of  a  procaine  hydrochloride  reaction. 

Local  infiltration,  Avhicli  produced  its  etrects  by  blocking  the  sensory  end 
organs,  was  effective  in  simple,  uncomplicated  rib  fractures  with  contusion  of 
the  chest  wall,  but  it  was  contraindicated  in  casualties  Avith  open  Avounds,  be¬ 
cause  all  such  Avounds  Avere  potential]}^  if  not  actually  contaminated.  Further¬ 
more,  the  involved  area  in  casualties  Avith  open  Avounds  Avas  frequently  too 
extensiA^e  for  local  infiltration  to  be  practical.  This  Avas  sometimes,  hoAvever, 
a  Auiluable  supplement  to  an  extensAe  blocking  procedure  after  Avhicli  a  small 
localized  area  of  pain  occasionally  persisted,  though  an  otherAvise  effective 
block  had  been  obtained. 

If  the  site  of  injury  Avere  so  located  posteriorly  that  even  paravertebral 
block  Avould  require  injection  through  contaminated  tissue,  paravertebral  block 
incorporating  at  least  tAvo  nerve  segments  above  the  superior  margin  of  the 
injury  Avas  useful,  for  it  blocked  an  a])preci.able  number  of  the  pain  impulses 
AAdiich  traA^el  cephalad  in  tlie  paraA^ertebral  sympathetic  chain. 

Technique  of  nerve  block. — The  needles  used  for  intercostal  nerve  block 
were  ordinary  intraATuous  needles,  II/2  inches  long,  A  1-percent  solution  of 
procaine  liAalrocldoride  Avas  usually  used,  though  an  occasional  surgeon  pre¬ 
ferred  a  2-percent  solution.  An  intradermal  Avheal  Avas  raised  over  the  chosen 
ril)  at  its  angle  over  the  inferior  liorder  of  the  rib  betAveen  the  costal  angle  and 
the  Avound  or  fracture  site  (fig.  08).  Then  the  needle,  Avithout  the  sAuvinge  at¬ 
tached,  Avas  introduced  through  the  Avheal  until  the  point  liad  impinged  lightly 
upon  the  inferior  margin  of  the  rib.  From  this  point,  Avith  the  beA^el  directed 
inferiorly,  the  needle  Avas  moA-ed  until  the  tip  just  cleared  the  inferior  edge  of 
the  same  rib.  After  the  needle  had  been  adA-anced  about  0.5  cm.,  aspiration  Avas 
carried  out  in  tAA^o  planes,  to  exclude  the  possibility  that  it  might  haA^e  entered  a 
blood  vessel.  When  this  point  had  been  settled,  from  4  to  6  cc.  of  1 -percent 
procaine  hydrochloride  solution  Avas  introduced  into  the  tissues.  The  total 
number  of  thoracic  segments  injected  Avas  determined  by  the  number  of  ribs 
fractured  or,  if  the  lesion  Avas  a  simple  contusion,  by  the  area  hiAmlA-ed. 

IS^eedles  3  or  3%  inches  long  Avere  preferred  for  paravertebral  nerve  block. 
A  small  piece  of  loose  rubber  on  the  shaft  indicated  the  depth  to  Avliich  the 
needle  Avas  to  be  inserted. 

Paravertebral  injection  of  the  thoracic  sympathetic  ganglia  Avas  best  per¬ 
formed  Avith  the  patient  in  the  lateral  recumbent  or  the  ])rone  position.  The 
sites  for  injection  Avere  marked  on  the  skin,  opposite  the  spinous  processes  and 
about  4  cm.  lateral  to  the  midline  on  the  affected  side.  These  points  lie  directly 
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Eiguiie  68.— Iiitercosliil  nerve  block  in  maimgeinent  of  painful  wounds  of  chest  wall. 
A.  Scliematic  showing  of  effects  of  painful  chest  wall  on  retention  of  secretions  and  on 
effectiveness  of  cough.  B.  Infiltration  of  skin  and  niuscles  with  procaine  hydrochloride. 
Long  needle  is  gently  manipulated  until  the  tip  comes  into  contact  with  the  rib.  C.  Injec¬ 
tion  of  procaine  hydrochloride  (3-5  cc.  of  1-percent  solution)  beneath  rib  four  fingers 
from  spinous  process.  Care  is  taken  not  to  inject  solution  into  intercostal  vessels. 
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over  the  transv  erse  ^^rocesses.  The  best  results  Avere  achievecl  when  one  or  two 
ganglia  cephalaci  to  the  area  of  involvement  were  also  incorporated  in  the  block. 

The  needle,  without  the  syringe,  was  introduced  perpendicularly  through 
the  skin  until  contact  was  made  Avith  the  dorsal  surface  of  the  transA-erse  proc¬ 
ess  ;  it  was  seldom  necessary  to  introduce  it  more  than  4  centimeters.  The  rub¬ 
ber  marking  was  readjusted  on  the  shaft  from  3  to  4  cm.  from  the  skin  surface 
before  the  needle  Avas  AvithdraAAUi  slightly.  Then,  Avith  its  be\^el  directed  me¬ 
dially,  the  needle  Avas  redirected  anteromedially  and  passed  just  inferior  or  just 
superior  to  the  transverse  process.  It  Avas  slid  along  the  body  of  the  vertebra 
to  the  depth  indicated  by  the  marker.  At  this  location,  the  tip  of  the  needle  lay 
in  the  immediate  Adcinity  of  the  sympathetic  chain. 

If,  during  its  insertion,  blood  or  spinal  fluid  appeared,  the  needle  was  AAuth- 
draAvn  and  Avas  reinserted  in  a  slightly  diflerent  direction.  If  blood  or  spinal 
fluid  did  not  appear,  the  syringe  Avas  attached  to  the  needle,  and  asj)iration  Avas 
carried  out  in  tAvo  planes,  to  be  sure  that  the  needle  did  not  lie  in  a  blood  a- essel, 
ill  a  prolongation  of  the  subarachnoid  space,  or  in  the  pleural  caAnty. 

If  aspiration  Avas  negative,  6  cc.  of  l-percent  procaine  hydrochloride  solu¬ 
tion  Avas  injected  into  the  tissues.  If  the  needle  had  been  introduced  correctly, 
relief  from  pain  Avas  almost  immediate,  only  just  enough  time  being  required 
for  infiltration  of  the  solution  through  the  tissues  surrounding  the  sym2:)athetic 
chain. 

As  soon  as  either  intercostal  or  paravertebral  nerve  block  had  been  accom¬ 
plished,  an  attendant  forced  the  patient  to  cough. 

If  open  thoracotomy  Avas  necessary  in  a  patient  Avho  had  not  previously 
been  submitted  to  nein^e  block,  adA^antage  Avas  taken  of  the  opportunity  to  block 
the  nerves  under  direct  vision  by  injecting  procaine  hydrochloride  solution. 
Crushing  the  neiwes  Avith  a  fine  hemostat  Avas  a  much  less  desirable  procedure. 

Results  of  nerve  block. — Blocking  out  of  the  pain  stimuli  by  injection  of 
the  intercostal  nerves  or  by  j)araA^ertebral  block  produced  prompt  and  often 
dramatic  results.  Pain  and  discomfort  almost  iiwariably  disappeared.  The 
patient  Avas  Avilling  to  cough  l)ecause  it  Avas  no  longer  painful  to  do  so,  and 
evacuation  of  the  fluids  in  the  tracheobronchial  tree  Avas  efiected. 

It  Avas  impossible  to  OA-erlook  the  possible  influence  of  neiwe  block  on  con¬ 
striction  of  the  bronchial  tree  and  secretion  of  mucus.  Clinical  evidence  sup¬ 
ported  the  hypothesis  of  its  role.  Frequently,  casualties  Avere  seen  Avith 
respiratory  distress  that  could  not  be  accounted  for  by  the  severity  of  the 
thoracic  injury,  pain  in  the  chest  Avail,  shock,  the  presence  of  blood  or  other 
fluid  in  the  bronchial  tree,  aspiration  of  gastric  contents,  infection,  or  exposure 
to  noxious  gases.  Coughing  Avas  apparently  free  and  forceful,  but  Avheezing 
persisted,  and  sputum  Avas  not  raised.  Once  the  intercostal  nerves  Avere  blocked, 
however,  the  picture  changed.  Wheezing  disappeared  promptly,  and  sputum 
Avas  raised  freely.  The  assumption  in  such  cases  Avas  that  reflex  bronchial 
spasm  pi’obably  played  some  role  in  the  previous  symptoms  and  signs. 


WET  LUNG 


223 


Relief  of  pain  and  discomfort  after  intercostal  nerve  block  lasted  for  vary¬ 
ing  periods  of  time  but  almost  never  for  less  than  24  hours.  The  block  could 
be  I’epeated  as  necessary,  but  frequently  a  single  injection  gave  permanent 
relief.  Why  relief  of  pain  extended  beyond  the  period  of  the  pharmacologic 
action  of  the  drug  is  difficult  to  explain.  Possibly  relaxation  of  muscle  spasm 
and  improvement  of  the  blood  supply  to  the  traumatized  area  played  some  part 
in  the  results. 

The  beneficial  effect  of  paravertebral  block  usually  lasted  from  2  to  4  hours. 
One  injection  frequently  gave  permanent  relief,  and  more  than  three  were 
almost  never  necessary. 

An  effective  nerve  block,  in  addition  to  rendering  anesthetic  the  area 
innervated  by  the  somatic  nerves  blocked,  sometimes  also  provided  immediate 
relief  of  pain  in  a  referred  area,  occasionally  on  the  side  opposite  the  trauma. 

When  the  nerves  were  blocked  at  thoracotomy,  the  stimuli  arising  from 
the  chest  wall  and  parietal  pleura  were  diminished,  and  the  patient  was  usually 
free  from  pain  during  the  most  important  part  of  the  postoperative  period. 
ISTerve  block  at  operation  also  eliminated  the  necessity  for  later  intercostal 
nerve  block. 

Catheter  Aspiration 

If,  after  a  reasonable  period  of  time,  a  patient  with  traumatic  wet  lung  did 
not  improve  under  the  measures  just  outlined,  combined  with  the  usual  regi¬ 
men  of  resuscitation,  mechanical  measures  had  to  be  employed.  The  circum¬ 
stances  of  the  individual  case  determined  whether  catheter  aspiration  (fig.  6TE) 
should  be  tried  or  bronchoscopy  (fig.  67F)  resorted  to  at  once.  The  length  of 
the  trial  period,  which  might  be  as  short  as  5  or  6  hours  or  as  long  as  20  to  24 
hours,  depended  upon  the  patient’s  original  injury,  his  clinical  status,  the  roent¬ 
genologic  findings,  and  his  progress  under  treatment.  Some  patients  were  too 
exhausted  to  cough  effectively  without  aid,  and  some  were  uncooperative  for 
other  reasons. 

Whether  catheterization  or  bronchoscopy  was  used,  the  aims  were  the 
same : 

1.  To  remove  excess  fluid  in  the  lower  airway. 

2.  To  loosen  deeper  secretions  by  local  manipulation. 

3.  To  promote  more  efficient  cough. 

A  long  delay  was  not  justified  if  the  situation  was  complicated  by  a  com¬ 
munication  between  the  tracheobronchial  tree  and  a  pleural  cavity  containing 
fluid. 

Catheter  aspiration  of  the  tracheobronchial  tree  had  so  many  advantages 
that  it  was  employed  in  all  cases  in  which  bronchoscopy  was  not  clearly 
indicated  (p.  227)  : 

1.  It  was  preferable  to  bronchoscopy  in  patients  who  were  desperately 
ill  but  conscious.  Experience  showed  that  in  such  cases  the  manipulations 
required  in  bronchoscopy  might  be  extremely  dangerous. 
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2.  Catlieter  aspiration  was  particularly  valuable  in  acute  emergencies 
which  permitted  no  delay. 

3.  The  equipment  was  almost  always  readily  available  from  standard  hos¬ 
pital  supplies. 

4.  The  technique  was  so  simple  that  it  could  be  readily  mastered,  in  con¬ 
trast  to  the  elaborate  training  necessary  in  bronchoscopy. 

5.  Catheter  suction  could  be  repeated  as  often  as  necessary. 

Technique. — The  technique  generally  employed  for  catheterization  (fig. 
69)  was  a  modification  of  the  method  described  by  Haight  (7)  in  1938.  Suction 
was  UvSually  provided  by  ordinary  ear,  nose,  and  throat  suction  machines,  which 
delivered  from  15  to  20  pounds  of  negative  pressure.  Connecting  tubing  and 
a  Eobinson  ureteral  catheter  or  a  similar  catheter,  size  ISTo.  16  or  ISlo.  18,  with 
one  or  two  openings,  constituted  all  the  equipment  necessary.  If  electricity 
was  not  available,  as  it  sometimes  was  not  in  combat  areas,  an  attachment  to 
the  windshield  wij)er  or  gas  intake  manifold  of  a  motor  veliicle  served  as  an 
emergency  source  of  power.  The  portable  hand  suction  machine  devised  by 
Major  Brewer  was  often  used  in  forward  installations  in  which  electrical  suction 
machines  were  not  always  at  hand. 

Anesthesia  was  not  required  unless  the  gag  reflex  was  hyperirritable.  Then 
2  percent  Pontocaine  hydrochloride  (tetracaine  hydrochloride)  or  5  percent 
cocaine  was  sprayed  onto  the  pharynx  and  i3ainted  onto  the  hypopharynx  with 
a  curved  swab  or  applicator.  When  local  analgesia  was  necessary,  a  small  dose 
of  some  barbiturate  was  given  before  it  Avas  applied,  and  fluids  ^Yeve  withheld 
until  the  gag  reflex  had  returned. 

The  patient  was  placed  in  the  semi-Fowler  position,  with  the  neck  flexed. 
If  he  AA^as  unconscious,  the  neck  AA^as  fixed  by  supporting  the  raised  head  on  a 
pilloAA^  or  a  folded  blanket.  If  he  AA^as  conscious,  the  tongue  AA^as  pulled  rather 
sharply  forAvard,  to  anchor  the  larynx.  Occasionally  an  epiglottis  that  Avas 
unusually  flaccid  so  coATred  the  larynx  that  catheterization  Avas  impossible  Avith- 
out  a  laryngoscope  to  provide  direct  Ausion. 

The  catheter  Avas  introduced  through  the  nostril  and  advanced  until  the 
larynx  Avas  reached.  If  the  patient  Avas  unconscious,  the  index  finger  of  the 


Figures  GO. — -TecliiiiQue  of  traclieobronclnal  catlieter  a.spiration. 
A.  Robinson  type  of  rubber  catheter  after  sterilization  by  heat  on 
bent  catheter  guide,  to  provide  for  slight  curve  of  tip.  The  catheter 
is  sterilized  in  70  percent  alcohol  or  some  similar  sterilizing  solution 
Avhen  it  is  used,  to  assure  maintenance  of  curve. 


Figure  69. — Continued.  D.  Introduction  of  catheter  into 
right  main  stem  bronchus.  When  the  patient’s  head  is  turned 
sharply  to  the  left,  the  right  stem  bronchus  is  more  directly 
ill  line  with  the  trachea.  The  catheter  is  then  advanced  and 
intermittent  suction  employed.  E.  Introduction  of  catheter 
into  left  stem  bronchus,  by  reversing  the  procedure  described 
in  D.  The  head  is  turned  markedly  to  the  right  in  this  stage 
of  the  procedure. 
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left  hand  engaged  the  tip  of  the  epiglottis,  so  that  the  catheter  could  be  passed 
through  tlie  larynx  ^Yithout  difficulty. 

When  the  catheter  had  entered  the  larynx,  it  was  withdrawn  for  about  1 
centimeter.  If  the  patient  was  conscious,  he  was  asked  to  take  a  rapid,  deep 
breath.  During  the  inspiration,  the  catheter  was  quickly  advanced  into  the 
trachea.  In  an  occasional  case,  it  was  easier  to  introduce  it  during  the  expira¬ 
tory  XDhase  of  a  cough.  The  successful  entrance  of  the  catheter  into  the  trachea 
was  signified  by  involuntary  coughing,  passage  of  air  through  the  trachea,  or 
sudden  lioarseness.  The  irritation  caused  by  the  catheter  was  likeh^  to  stimulate 
all  but  moribund  patients  to  cough,  but  hoarseness  was  the  most  certain  indica¬ 
tion  that  tlie  catheter  was  in  the  trachea.  Occasionally,  when  the  tube  had  been 
accidentally  introduced  into  the  esophagus,  a  free  flow  of  air  about  it  simulated 
resj^iration.  If  the  accident  was  not  recognized  and  oxygen  therapy  was  used, 
gastric  dilatation  of  serious  proportions  might  occur. 

Suction  was  not  applied  until  the  catheter  had  been  advanced  into  the 
trachea  for  several  centimeters.  When  the  manipulations  were  discontinued, 
the  patient  Avas  urged  to  cough.  This  he  usually  did  forcibly — in  fact,  he  found 
it  imjoossible  not  to — because  of  the  stimulation  of  the  tracheal  mucosa  by  the 
catheter.  Often  more  sputum  Avas  coughed  up  around  the  tube  than  was 
aspirated  through  it.  Suction,  coughing,  and  manipulation  of  the  catheter  were 
alternated  until  all  portions  of  the  tracheobronchial  tree  Avere  apparently  free 
of  fluid.  Continuous  periods  of  suction  neA^er  exceeded  5  seconds,  and  they  AA^ere 
briefer  if  the  patient  seemed  exhausted  by  them  or  if  he  became  cyanotic. 

It  Avas  simple  to  introduce  the  catheter  into  the  right  stem  bronchus;  the 
patient’s  head  Avas  merel}^  turned  Avell  to  the  left.  To  enter  the  left  stem 
bronchus  Avas  someAAdiat  more  difficult  (a^oL  I).  The  head  had  to  be  turned 
far  to  the  right  and  the  chin  elevated.  The  tube  Avas  advanced  as  far  as  pos¬ 
sible  into  each  stem  bronchus.  After  aspiration,  the  patient  Avas  rolled  on  his 
side,  Avith  the  more  invob^ed  lung  uppermost,  to  permit  drainage  of  the  small 
bronchi  by  gravity. 

After  catheter  aspiration,  most  patients  coughed  Avith  greater  efficiency 
because  of  the  improA^ed  ventilation  of  the  pulmonary  tree.  Because  of  the 
absence  of  appreciable  trauma  to  the  larynx  or  bronchi,  the  procedure  could  be 
repeated  as  often  as  every  2  to  3  hours  if  this  Avas  necessary.  In  the  occasional 
case,  bronchial  secretions  and  pulmonary  transudates  formed  with  such  rapid¬ 
ity  that  aspiration  Avas  necessary  at  30-minute  inteiwals.  In  such  cases,  the 
catheter  was  left  in  the  trachea,  sometimes  from  8  to  12  hours.  lYlien  this  Avas 
necessary,  100  percent  oxygen  Avas  administered  continuously  through  the 
catheter  betAveen  aspirations,  at  the  rate  of  1  to  2  liters  per  minute. 

Bronchoscopy 

Bronchoscopy  played  a  valuable  role  in  the  management  of  Avar  Avoimds 
of  the  chest.  At  no  time  was  its  use  routine.  It  Avas  properly  considered  a 
highly  technical  procedure,  requiring  skill  and  experience  for  its  safe  use  and 
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to  be  used  only  on  definite  indications.  It  was  made  more  widely  available  as 
the  war  progressed,  however,  because  thoracic  surgeons  already  trained  in 
its  use  taught  the  technique  to  selected  general  surgeons  and  qualified 
anesthesiologists. 

The  decision  to  employ  bronchoscopy  rather  than  catheter  aspiration  was 
made  on  the  indications  of  the  individual  case.  It  was  sometimes  preceded  by 
a  trial  of  catheter  aspiration  but  in  otlier  instances  was  resorted  to  immediately. 
Its  chief  advantage  over  catheter  suction  Avas  that  it  Avas  more  thorough.  Be¬ 
cause  both  stem  bronchi  Avere  Ausualized,  aspiration  could  be  carried  out  Avith 
more  assurance  that  all  secretions  and  obstructing  mucous  plugs  had  been  re¬ 
moved.  When  it  Avas  indicated,  bronchoscopy  also  permitted  the  direct  appli¬ 
cation  of  procaine  hydrochloride,  cocaine,  or  epinephrine  solutions  to  the 
SAvollen  bronchial  mucosa.  The  resulting  shrinkage  of  the  mucosa  further 
increased  the  lumen  of  the  airway. 

Indications. — Xo  hard-and-fast  rules  Avere  formulated,  but  in  general, 
bronchoscopy  Avas  regarded  as  the  procedure  of  choice  in  Avet  lung  under  the 
folloAving  circumstances : 

1.  When  tracheobronchial  aspiration  by  catheter  had  been  ineffectiA-e  be¬ 
cause  of  failure  of  the  lung  or  segments  of  the  lung  to  reexpand  Avith  positiA^e 
pressure,  and  moisture  x:)ersisted  in  the  chest. 

2.  When  mucous  plugs  or  blood  clots  Avere  thought  to  be  present  in  the 
branch  bronchi. 

3.  When  obstruction  of  the  trachea  or  bronchi  had  been  present  for  a  con¬ 
siderable  time.  Under  these  circumstances,  sudden  loosening  of  large  amounts 
of  secretion  from  the  obstructed  bronchus  might  flood  a  normal  bronchus,  AAnth 
grave  consequences. 

4.  When  the  cough  Avas  Aveak  and  ineffectual  and  there  Avas  danger  of 
flooding  the  contralateral  bronchus  by  sudden  release  of  large  amounts  of 
secretion. 

5.  When  a  patient  Avas  admitted  to  the  hospital  completely  exhausted,  Avith 
the  tracheobronchial  lumen  brimming  Avith  secretions  that  he  did  not  hav^e  the 
strength  to  cough  up.  In  this  type  of  patient,  bronchoscopy  Avas  mandatory. 
In  fact,  the  more  critical  his  condition,  the  more  urgent  Avas  the  indication. 

6.  When  lobar  or  total  pulmonaiy  atelectasis  had  occurred,  because  of  the 
dangerous  reduction  in  the  Autal  capacity. 

Y.  When  bronchial  obstruction  recurred  in  spite  of  repeated  tracheo¬ 
bronchial  catheter  aspirations.  The  cause  of  the  obstruction  Avas  usually 
incomplete  removal  of  obstructing  material  by  catheter  suction. 

8.  When  vomitus  had  been  aspirated,  or  Avas  thought  to  have  been 
aspirated,  into  the  lungs.  This  Avas  an  imperative  indication,  because  of  the 
highly  deleterious  effect  of  gastric  secretions  on  bronchial  and  pulmonary 
tissue. 

0,  When  emergency  thoracotomy  Avas  necessary.  Bronchoscopy  imme¬ 
diately  before  operation,  in  addition  to  emptying  the  tracheobronchial  tree  and 
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improving  tlie  cardiorespiratory  status,  made  the  administration  of  the  anes¬ 
thetic  simpler  and  safer. 

Techniques. — The  standard  technique  of  bronchoscopy  Avas  employed. 
Tlie  procedure  Avas  usually  carried  out  in  the  operating  room  but  could  be  per¬ 
formed  by  a  skilled  bronchoscopist  AAnthout  moving  the  patient  from  the 
stretcher  or  bed. 

General  anesthesia  AA^as  contraindicated  if  there  Avas  an  unusual  amount  of 
fluid  in  the  tracheobronchial  tree.  Topical  analgesia  Avas  employed  in  most 
cases,  but  in  numerous  semicomatose  or  apparently  moribund  patients,  no 
anesthesia  AA’as  used.  Oxygen  (100  percent)  Avas  administered  continuously 
to  all  patients  Avho  shoAved  any  eAU deuce  of  anoxia. 

The  operation  Avas  performed  as  rapidly  as  possible,  so  that  a  severely 
AAmunded  patient,  in  shock,  Avoiild  not  be  exposed  to  the  fatiguing  effects  of 
prolon ged  coughing. 

Some  surgeons,  after  the  trachea  and  main  bronchi  Avere  cleared,  palpated 
the  chest  carefully,  in  an  endeavor  to  find  secretions  still  in  situ  in  spite  of 
apparently  successful  aspiration.  When  such  areas  Avere  found,  the  tip  of  the 
aspirator  Avas  applied  directly  to  the  orifice  of  the  affected  lobe,  to  excite  cough¬ 
ing  and  raise  the  remaining  secretions. 

Oxygen  Administration 

Oxygen  inhalations  by  means  of  the  nasal  catheter  or  the  Boothby-LoA^e- 
lace-Bulbulian  mask  Avere  used  promptly  Avhenever  cyanosis  accompanied  Avet 
lung  or  dyspnea  Avas  sexTre.  Some  patients  Avere  disturbed  at  first  by  the  face 
mask,  but  Avith  sufficient  encouragement,  they  all  became  reconciled  to  its  use. 

If  moisture  persisted  in  the  lungs  after  intercostal  nerve  block  and  catheter 
aspiration  or  bronchoscopy,  the  oxygen  Avas  delivered  under  positive  pressure 
(figs.  67G  and  70) .  This  Avas  a  technique  described  by  Barach  and  his  associates 
(8)  shortly  before  the  Avar,  to  relieve  the  pulmonary  edema  associated  Avith 
pneumonia,  gas  poisoning,  and  cardiac  disease.  When  the  technique  Avas  first 
applied  to  combat-incurred  AA^ounds  in  the  Avinter  of  1943-44,  considerable  diffi¬ 
culty  Avas  encoimtered.  A  simple  and  effective  solution  of  the  problem  Avas  the 
use  of  a  to-and-fro  anesthetic  system,  Avith  a  soda-lime  canister  and  rebreathing 
bag.  Positive  pressure  Avas  maintained  manually  on  the  bag,  care  being  taken 
to  aAmid  pressures  higher  than  from  2  to  0  cm.  H^O.  Pressures  as  high  as  10 
cm.  H2O  or  more  Avere  dangerous;  they  could  cause  a  considerable  rise  in 
A'cnous  pressure;  a  fall  in  systolic,  diastolic,  and  mean  blood  pressures:  and  a 
decreased  blood  floAv. 

Fluid  that  Avas  constantly  forming  in  the  alveoli  and  bronchioles  could  not 
be  completely  removed  by  suction,  but  suction,  Avith  nerve  block  and  the  other 
measures  described,  remoA^ed  enough  fluid  for  oxygen  under  posit iA^e  pressure  to 
keep  the  bronchioles  patent.  The  use  of  oxygen  under  pressure  also  opposed 
the  hydrostatic  pressure  of  the  blood  in  the  capillaries  and  increased  the  Autal 
capacity.  If  the  lungs  Avere  not  too  seA^erely  damaged  and  if  shock,  tension 
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Figure  70. — Administration  of  oxygen  nnder  intermittent  positive 
pressure  in  maiuigement  of  wet  lung,  Cassiuo,  Italy,  1043.  A.  Ad¬ 
ministration  ^vith  i)ortal>le  circl(‘  filter  anestludic  machine :  Face 
mask ;  tubes  in  circle  lilter ;  respiration  l)ag,  which  was  manually 
compressed  to  supply  positive  pressure  oxygen  to  face  mask ;  porta¬ 
ble  anesthetic  machine  with  circle  filter  and  soda-lime  canister ; 
water  manometer  to  determine  amount  of  positive  pressure;  and 
large  oxygen  tank. 


pneiimotliorax,  and  other  adverse  factors  could  be  controlled,  this  method  was 
practically  always  successful  in  dryino-  up  wet  lung  caused  by  tracheobronchial 
transudation  and  exudation.  It  was  of  particular  value  when  an  excessive  and 
injudicious  use  of  blood  and  plasma  was  a  contributory  factor  in  the  edema 
and  Avheii  ventricular  failure  was  impending. 

Oxygen  was  sometimes  administered  under  positive  pressure  in  the  early 
stages  of  traumatic  wet  lung.  Its  prophylactic  value  was  thought  to  be  consid- 
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Froi'UE  70. — Continued.  B.  Administration  with  portahle  to-and- 
fro  soda-lime  canister  anesthetic  machine :  Face  mask ;  soda-lime 
canister ;  respiration  bag',  which  was  manually  compressed  to  supply 
positive  pressure  oxygen  to  face  mask;  portable  anesthetic  ma¬ 
chine  with  valves  and  bubbler  for  ether  (only  water  was  used 
in  oxygen  therapy)  ;  and  oxygen  tank. 


erable,  but  the  indications  for  its  einployment  on  tliis  indication  did  not  become 
fully  establislied  during  tlte  Avar. 

Other  Measures 

Atropine  administration. — If  moisture  continued  to  be  present  in  the 
lungs  and  Augorous  measures  to  empty  the  tracheobronchial  tree  proved  inef- 
fecti\'e,  atropine  Avas  sometimes  giA^en  intravenously,  in  ^100-  gf-  doses.  If  reflex- 
spasm  of  the  bronchus  Avere  initiated  by  thoracic  injury,  as  the  experimental 
AAmrk  of  de  Takats  and  his  associates  (-€)  had  suggested,  one  might  expect 
atropine  to  abolish  vagal  reflexes  and  reduce  tracheobronchial  secretions.  I)e 
Takats  himself,  liOAveATr,  found  that  this  method  prevented  bronchospasm  in 
less  than  lialf  of  his  experimental  animals,  even  Avhen  amounts  up  to  gr.  % 
Avere  employed.  Atropine  Avas  not  Avidely  used  during  tlie  AA^ar,  and  the  clinical 
experience  Avith  it  Avas  too  conflicting  to  permit  any  definitive  statements  con¬ 
cerning  its  Avalue  except  that  Avhen  Avet  lung  Avas  fully  developed,  tliis  drug  Avas 
not  effectiA^e. 
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Carbon  dioxide  inhalations. — Carbon  dioxide  inhalation  Avas  another 
controA^ersial  measure  occasionally  employed  in  wet  lung-.  Tills  gas  is  a  true 
expectorant,  and  h}- per  ventilation  Avith  it  had  the  mechanical  effect  of  loosening 
Adscid  secretions  and  propelling  them  npAvard  along  the  tracheobronchial  lumen. 
If  hypoxia  Avas  present,  most  observers  regarded  the  method  as  equivalent  to 
AvhijDping  a  tired  horse. 

The  preferred  method  Avas  to  use  100  percent  carbon  dioxide  and  to  admin¬ 
ister  it  by  means  of  a  catheter  and  small  funnel  as  the  patient  took  tAvo  or  three 
deep  breaths.  Forced  coughing  during  and  folloAving  the  brief  iDeriod  of 
hyperpnea  thus  produced  Avas  of  the  greatest  importance  and  Avas  not  ahvays 
sufficiently  stressed.  Unless  the  patient  coughed,  the  method  lost  much  of  its 
elfectiA^eness.  If  carbon  dioxide  Avas  not  available,  rebreathing  into  a  paper 
bag  Avas  often  employed  as  a  substitute,  usually  A^ery  effectively. 

RESULTS  OF  THERAPY 

Once  proper  measures  had  been  instituted  to  relieve  pain  in  the  chest  Avail, 
clear  the  airway,  and  permit  effhctiA'e  coughing,  the  entire  picture  of  a  patient 
Avith  AAxt  lung  usually  changed  promptly.  Results  Avere  often  dramatic.  A 
cyanotic,  comatose  patient,  Avith  Avet,  rattling  respirations,  often  became  alert 
and  oriented,  Avith  good  color  and  almost  normal  respirations,  Avithin  a  matter 
of  minutes. 

Once  the  Avet  lung  Avas  controlled,  it  Avas  possible  to  evaluate  the  primary 
injury.  Hemothorax,  shattered  ribs,  and  the  shell  fragment  in  the  lung  looked 
less  ominous  and  often  seemed  less  urgent.  The  lung  had  been  restored  to  nor¬ 
mal,  or  almost  normal,  capacity  to  cope  Avitli  the  injury  or  Avitli  the  surgery 
required  to  correct  the  injury.  Evaluation  of  the  total  patient  Avas  possible, 
in  short,  under  circumstances  Avhich  permitted  a  deliberate  rather  than  a  frantic 
approach  to  the  problem. 

An  undoubted  result  of  the  recognition  and  vigorous  management  of  Avet 
lung  Avas  apparent  in  the  Mediterranean  theater  in  a  number  of  respects, 
including  (1)  the  Ioav  case  fatality  rate  and  Ioav  morbidity  of  chest  injuries, 
(2)  the  infrequency  of  lung  abscess  after  injury,  and  (3)  the  almost  complete 
absence  of  inassiA^e  atelectasis. 

CASE  HISTORIES 

The  folloAving  case  histories  illustrate  a  number  of  the  points  in  the 
foregoing  discussion  of  traumatic  Avet  lung : 

Case  1.— A  23-year-old  sergeant  was  received  in  an  evacuation  hospital  3  hours  after  he 
had  sustained  penetrating  aa^ouikIs  of  the  chest  and  buttocks  from  a  high  explosiA^e  shell 
fragment.  The  pulse  Avas  110,  the  respiration  30  and  noisy,  and  the  blood  pressure 
110/80  mm.  Hg.  The  patient  Avas  extremely  dyspneic  and  complained  of  severe  pain  in  the 
chest  and  abdomen. 

EAudence  of  a  large  amount  of  fluid  in  the  left  chest  almost  obliterated  all  other  physi¬ 
cal  findings.  Loud  musical  AAdieezes  Avere  heard  over  the  right  chest  anteriorly  and  posteri¬ 
orly.  Roentgenologic  examination  confirmed  the  presence  of  fluid  in  the  left  chest.  The 
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left  eiglitli  rib  was  fi-actured,  aiul  a  small  foreign  body  was  seen  above  the  left  diaphragm 
behind  the  heart. 

M<ni)hine  (gr.  %)  and  atropine  (gr.  i/ioo)  were  given  by  vein.  The  pain  was  some¬ 
what  relieved,  but  not  enough  to  permit  effective  coughing.  Complete  relief  followed 
blocking  of  the  fifth  through  the  tenth  left  intercostal  nerves.  The  patient  immediately 
coughed  up  a  large  amount  of  mucus  mixed  with  fresh  and  old  blood,  after  which  he  was 
abl(‘  to  breathe  deeply  and  without  discomfort.  The  lungs  were  dry  on  auscultation. 
Debridement  of  the  chest  wall  was  then  carried  out  without  difficulty  under  rentothal 
sodium  (thiopental  sodium)  anesthesia. 

The  patient  continued  to  raise  bloody  sputum  for  a  week,  but  there  was  no  reaccuniu- 
lation  of  fluid  in  the  tracheobronchial  tree  and  no  recurrence  of  chest  pain.  After  a  total 
of  2,730  cc.  of  bloody  fluid  had  been  removed  from  the  left  chest  by  repeated  thoracenteses, 
the  left  lung  was  almost  completidy  reexpanded,  and  the  remainder  of  the  patient’s 
convalescence  was  uneventful. 

Coruuicni\ — In  this  case,  retention  of  blood  in  the  bronchial  tree  as  the  result  of  intra- 
pulmonary  hemorrhage  was  chiefly  responsible  for  the  wet  lung,  though  an  excess  of  mucus 
was  also  a  factor.  Severe  (diest  pain,  which  prevented  effective  coughing,  was  not  relieved 
by  a  large  dose  of  morphine  but  was  promptly  relieved  by  blocking  the  appropriate  inter¬ 
costal  nerves.  Immediately  thereafter,  the  patient,  by  his  own  efforts,  raised  the  blood  and 
mucus  that  had  accumulated  in  the  tracheobronchial  tree,  and  recovery  was  without  further 
complications. 

Case  2.— A  21-year-old  sergeant  was  received  in  a  field  hospital  in  severe  shock  3  hours 
after  he  had  sustained  a  sucking  wound  of  the  left  chest  and  penetrating  wounds  of  the 
right  chest,  thigh,  forearm,  hand,  and  cheek.  The  pulse  was  140,  and  the  blood  pressure 
could  not  be  obtained.  Ilreath  sounds  were  diminished  on  the  right  side  of  the  chest,  and 
signs  of  fluid  were  elicited  on  the  left  side. 

The  patient  had  had  no  medi(*ation  since  he  was  injured  and  was  in  severe  pain.  He 
was  tlierefore  given  morphine  gr.  %  by  vein  after  an  0(!clusive  dressing  had  been  placed 
over  the  sucking  wound.  Tain  was  completely  relieved  aft(u-  a  second  injection  of  morphine, 
in  the  same  amount  and  also  by  vein,  but  only  small  (piantities  of  bloody  sputum  were 
raised.  After  the  administration  of  two  units  of  plasma  and  500  cc.  of  blood,  the  pulse  fell 
to  132  and  the  blood  pressure  was  104/80. 

Two  hours  later,  the  patient's  condition  suddenly  became  critical.  He  was  comatose 
and  cyanotic.  The  pulse  was  weak  and  thready.  Rales  were  audible  in  the  trachea. 
Catheter  suction  was  instituted  at  once,  and  large  amounts  of  frothy  yellow  sputum  wore 
aspirated.  The  response  to  this  measure  was  dramatic.  The  patient  immediately  regained 
consciousness,  and  his  color  and  jmlse  improved.  The  catheter  was  kept  in  place  for  S  hours, 
and  suction  was  repeated  every  20  to  30  minutes.  Between  aspirations,  100  percent  oxygen 
was  administered  through  the  catheter. 

At  the  end  of  8  hours,  during  which  time  the  patient’s  condition  steadily  improved, 
roentgenograms  of  the  chest  showed  fluid  in  the  left  chest  and  foreign  bodies  in  both  lung 
fields.  Since  the  tracheobronchial  tree  was  now  apparently  dry,  the  catheter,  which  mean¬ 
time  had  slipped  into  the  right  main  bronchus,  was  removed.  After  a  transfusion  of  500  cc. 
of  blood  and  a  unit  of  plasma,  100  cc.  of  air  and  200  cc.  of  bloody  fluid  were  aspirated  from 
the  h'ft  chest. 

Seventeen  hours  after  admission,  when  the  blood  pressure  had  reached  108/74  mm.  Hg. 
bronchoscopy  produced  a  considerable  amount  of  bloody  fluid  from  both  main  bronchi. 
Careful  inspection  showed  that  the  prolonged  intubation  had  apparently  caused  no  trauma 
to  the  larynx  or  the  trachea. 

Immediately  after  bronchoscopy,  operation  was  done  under  intratracheal  ether-oxygen- 
anesthesia.  It  included  debridement  of  the  sucking  wound  of  the  che.st  wall ;  ligation  of  the 
internal  mammary  vessels,  which  were  lacerated  though  not  actively  bleeding;  suture  of 
the  laceration  of  the  upper  lobe  of  the  left  lung;  removal  of  several  small  metallic  foreign 
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bodies  from  tlie  pericardium  and  another  from  the  right  chest  wall ;  and  intercostal  drain¬ 
age.  A  foreign  body  in  the  lower  lobe  of  the  left  lung  and  another  in  the  right  lung  were 
left  in  situ.  While  the  chest  oj^ieration  was  in  lU'ogress,  another  surgical  team  debrided  the 
other  wounds.  At  the  conclusion  of  the  operation,  bronchoscopy  was  repeated,  and  a 
moderate  amount  of  bloody  mucus  was  aspirated  from  both  stem  bronchi.  The  patient 
received  a  unit  of  plasma  and  GOO  cc.  of  blood  during  the  operation. 

The  immediate  postoperative  status  was  satisfactory.  The  following  day,  the  patient 
became  di.soriented,  presumably  as  the  result  of  cerebral  anoxia,  though  he  had  been  receiv¬ 
ing  oxygen  continuously,  by  nasal  catheter,  since  oi>eration.  The  temperature  was  09.4°  F., 
the  pulse  IGO,  and  (he  respiration  4S.  Coughing  produced  thin  yellow  fluid,  but  the  inil- 
monary  tree  appeared  to  be  filling  up  with  moisture. 

Tracheobronchial  aspiration  by  catheter  somewhat  improved  the  patient's  critical  con¬ 
dition.  Tracheal  rhonchi  and  coarse  bronchial  rales  disappeared,  but  medium  and  fine  rales 
could  still  be  heard  diffusely  over  all  lobes  of  both  lungs.  Fluid  was  apparently  being 
formed  more  rapidly  in  (he  periijheral  x)ortions  of  the  pulmonary  tree  than  it  could  be 
removed  by  natural  processes.  Since  the  clinical  picture  resembled  that  seen  in  pulmonary 
edema  accompanying  heart  disease  and  gas  poisoning.  i)ositive  x)i‘essure  oxygen  was  begun. 
Within  15  minutes,  a  nota])le  improvement  occurred.  The  pulse  fell  to  120.  The  respira¬ 
tions  fell  to  32  and  became  considerably  less  labored.  Only  a  few  fine  rales  could  be  heard 
at  the  bases  of  both  lungs.  At  this  xwint,  x>ei^itive  x>i‘essure  oxygen  was  discontinued,  and 
administration  by  the  Boothby-Lovelace-Fulbulian  mask  was  resumed. 

During  the  next  24  hours,  the  x^atient  had  two  additional  attacks  of  xudmonary  edema, 
each  one  resembling  the  acute  attack  just  described.  In  each  one,  the  efh'ct  of  oxygen 
administration  under  mild  i)ositive  X)i‘essure  was  as  striking  as  in  the  first  attack.  Recovery 
thereafter  was  uneventful. 

This  case  is  a  striking  examine  of  the  theraxieutic  x^i*oblems  xu'esented  by 
traumatic  wet  lung  in  a  x>atient  with  multixde  chest  and  other  wounds.  Immediate 
trach(‘obronchial  catlieter  asi)iration.  intratracheal  oxygen  administration,  and  cautious 
fluid  rex)lacement  over  .an  <S-hour  i)eriod  made  this  .soldier  a  suitable  candidate  for  surgical 
closure  of  a  sucking  chest  wound  and  the  intrathoracic  surgery  reriuired.  Rronchoscoxiy 
just  before  ox)erati<)n  aided  in  the  maiihaaiance  of  a  x>atent  airway  during  ox)eration,  and 
its  rei^etition  at  tlie  conclusion  of  the  procedui-e  simplified  the  first  24  hours  of  the  post¬ 
operative  coui'se.  Three  attacks  ()f  ai)i)arently  true  i)ulmonary  ediaua  over  the  next  48 
hours  wtu'e  controlh'd  by  the  administration  of  oxygen  under  mild  x>ositive  xmessure.  Why 
edema  develox)ed  in  this  case  after  ox)eration  is  not  clear,  but  anoxia  caused  by  severe 
trauma  to  botli  lungs  was  x>rol)ably  an  important  factor,  as  was  tracheal  obstruction  from 
mucus  and  Idood. 

There  setans  little  doubt  that  this  i)atien1  survived  l)ecause  of  the  theraxw  instituted 
for  the  control  of  the  w(4  lung  that  followe<l  his  comhat-imairred  injuries,  one  of  which 
was  a  sucking  wound  of  the  chest. 

Case  3.— A  2T-year-old  lieutenant  sustained  a  sucking  wound  of  the  chest  that  was 
treated  immediately  ))y  an  occlusive  dressing  and  24  hours  later  l)y  suture;  the  skin  was 
left  open.  For  the  next  3  days,  small  amounts  of  x)ure  blood  were  exi)ectorat{Hl. 

When  the  x)atieiit  was  admitted  to  a  thoracic  surgery  center  G  days  after  wounding,  he 
was  comfortable  while  at  rest  but  moderately  dyspneic  on  exertion.  The  cough  was  wet 
but  was  productive  of  only  small  amounts  of  blood-tinged  mucoid  si)utum.  A  few  coarse 
rales  were  lu^ard  i)arasternally  on  the  right.  Roentgenograms  taken  tlu^  following  day 
.showed  a  right-sided  hydropneumothorax  without  cardiac  shift.  Asx)iration  of  the  chest 
on  the  second  and  third  days  after  admission  x)roduced  300  cc.  and  BOO  cc.,  resx)ectively.  of 
old  blood  and  air  from  the  right  x^leural  cavity.  On  each  occasion,  highly  negative 
intrax>leural  x^i’essure  x>i'evented  further  asx)iration. 

The  xtafient's  wet  cough  continued  in  spite  of  tliese  thoracentese.s,  frequent  changes  of 
X)ositi()2i,  and  the  administration  of  carbon  dioxide.  On  the  third  day  after  admission. 
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roentgenogTains  of  the  chest  showed  a  minimal  residual  hemopneumothorax,  an  expanded 
upper  lobe,  and  atelectasis  of  the  middle  and  lower  lobes  on  the  right  side.  Bronchoscopic 
aspiration,  instituted  immediately,  produced  large  amounts  of  blood  clots  and  mucus,  amid 
which  partly  formed  bronchial  and  bronchiolar  casts  were  discernible.  Roentgenologic 
examination  18  hours  later  showed  almost  complete  reaeration  of  the  atelectatic  lobes. 
The  cough  became  loose  and  remained  productive  for  4  days  after  bronchoscopy,  then 
ceased  altogether.  On  the  12th  day  after  wounding,  roentgenograms  showed  the  right  lung 
to  be  completely  expanded  and  almost  normal  in  appearance. 

Comment. — In  this  case,  although  roentgenologic  evidence  of  atelectasis  was  obscured 
in  the  first  roentgenograms  by  the  overlying  hemothorax,  certain  points  in  the  history  and 
physical  findings  pointed  to  the  diagnosis.  They  included  continued  wet  cough  with  in¬ 
adequate  expectoration,  extensive  pneumothorax  without  cardiac  shift,  and  the  develop¬ 
ment  of  pronounced  evidence  of  negative  iiressure  aftm-  aspiration  of  relatively  small 
amounts  of  fluid  from  the  pleural  cavity.  The  aspiration  of  old  blood  clots  and  mucus  by 
bronchoscopy  resulted  in  the  prompt  reestablishment  of  a  patent  airway  and  prompt 
reexpansion  of  the  lung. 

Earlier  attention  to  the  wet  lung  in  this  case  would  have  permitted  the  use  of  simpler 
methods  of  management  and  might  have  prevented  the  development  of  the  complicating 
atelectasis. 

Case  4— AVhen  this  patient  was  seen  2  hours  after  he  had  fallen  off  a  motorcycle,  he 
was  complaining  of  severe  pain  in  the  left  chest  and  dyspnea.  Pie  had  a  paroxysmal, 
ineffectual  wet  cough.  There  was  extreme  tenderness  over  the  left  fifth  and  sixth  ribs,  and 
a  flail  segment  in  this  area  was  undergoing  paradoxical  oscillations.  Numerous  wheezes 
and  rhonchi  were  present  bilaterally.  Roentgenologic  examination  revealed  anterior  and 
posterior  fractures  of  the  left  fifth  and  sixth  ribs. 

Intercostal  block  of  the  third  through  the  ninth  ribs,  which  resulted  in  only  partial 
relief  of  pain,  was  supplemented  by  paravertebral  block  of  the  sympathetic  ganglia  of 
the  same  segment.  Pain  was  promptly  relieved,  and  paradoxical  oscillations  of  the  flail 
segment  ceased.  There  Avas  still  some  moisture  in  the  lung,  but  the  remaining  Avheezes 
and  rhonchi  disappeared,  and  respirations  became  entirely  normal,  Avithin  5  minutes  after 
the  intravenous  administration  of  i/ioo  gi*-  of  atropine  sulfate. 

On  the  third  day  after  Avounding.  a  moderate  recurrence  of  pain  and  Avetness  Avas 
immediately  controlled  by  repetition  of  the  paravertebral  block. 

Comment.— Th\>^  case  Avell  illustrates  the  effectiveness  of  nerve  block  in  the  manage¬ 
ment  of  flail  chest  of  limited  extent,  as  Avell  as  the  (occasional)  effectiveness  of  atropine 
as  an  adjuvant  measure  in  the  control  of  Avet  lung. 

Case  5. _ ^This  patient  Avas  seen  in  a  shock  tent  on  4  P>bruary  1044,  48%  hours  after 

Avounding.  He  had  sustained  a  penetrating  Avound  of  the  left  anterior  chest  and  Avas 
comiflaining  of  hemoptysis ;  dyspnea ;  a  painful  Avet  cough ;  and  pain  in  the  left  shoulder, 
left  chest,  and  hepatic  area.  He  Avas  in  critical  condition,  extremely  dyspneic  and 
cyanotic,  and  shoAvers  of  moist  rales  Avere  heard  throughout  both  lungs.  Examination 
also  revealed  tenderness  and  rigidity  in  the  left  upper  quadrant  of  the  abdomen.  Roent¬ 
genologic  examination  revealed  a  retained  missile  in  the  region  of  the  left  diaphragm  and 
an  exteiisiA’e  pathologic  iirocess  in  the  left  lung  and  left  pleural  caA’ity. 

An  hour  after  the  patient  had  been  received  in  the  shock  tent,  intercostal  block  of 
the  left  fourth  and  fifth  intercostal  nerves  Avas  carried  out,  and  200  cc.  of  air  and  blood 
Avere  aspirated  from  the  left  pleural  cavity.  There  Avas  immediate  improvement  in  the 
pain,  dyspnea,  and  cyanosis  originally  present.  The  loTt  upper  quadrant  of  the  abdomen 
was  no  longer  rigid.  There  Avas  also  an  improvement  in  the  Avet  lung.  Two  hours  later, 
the  patient  again  complained  of  pain,  and  there  Avas  a  recurrence  of  the  pulmonary  diffi¬ 
culties.  A  paravertebral  sympathetic  block  (D4-0)  Avas  immediately  performed,  and  a 
large  amount  of  blood  and  mucopurulent  sputum  AAms  aspirated  through  a  tracheal 
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Ciitlietei*.  Pain  was  promptly  relieved,  and  pulmonary  moisture  was  greatly  reduced. 
Shortly  afterward,  the  wound  was  dehrided. 

Recovery  was  smooth  except  for  slight  pain  and  moderate  dyspnea  the  day  after 
operation.  Both  symptoms  were  promptly  relieved  by  intercostal  block  of  the  fifth 
through  the  ninth  int(‘rcostal  nerves.  A  week  after  his  admission,  the  patient  was  so  much 
improved  that  he  could  be  evacuated. 

Conimcut. — When  this  patient  was  fir.st  seen,  his  condition  was  so  critical  that  it  did 
not  seem  that  he  could  possibly  survive.  Xerve  block  effected  considerable  improvement, 
but  when  his  pulmonary  difficulties  recurred,  he  seemed  so  exhausted  that  mechanical 
aspiration  of  the  tracheolironchial  tree  was  resorted  to  at  once.  In  this  case,  the  correc¬ 
tion  of  w(d  lung  was  clearly  lifesaving. 

Case  6.— A  21-year-old  soldier,  injured  in  an  automobile  accident,  complained  of 
hemoptysis,  persislent  pain  on  coughing,  and  pain  on  deep  breathing.  When  he  was  ad¬ 
mitted  to  a  thoracic  surgery  service  48  hours  after  the  accident,  he  was  dyspneic  and 
complained  of  discomfort  and  pain  in  the  left  lower  chest.  There  was  no  external  evidence 
of  injury.  The  percussion  note  was  resonant  bilaterally,  but  there  were  diffuse  wheezes 
and  rhonchi  throughout  both  lungs.  Pain  was  so  severe  that  coughing  was  impossible, 
in  spite  of  urging.  Pressure  over  the  seventh,  eighth,  and  ninth  ribs  in  the  left  anterior 
axillary  line  elicited  ex(iuisite  tenderness,  but  roentgenograms  of  the  chest  revt^aled  no 
abnormalities. 

In  spite  of  failure  to  demonstrate  any  ril)  fractures,  an  intercostal  block  of  the  area 
of  tenderness  completely  relieved  the  pain.  Shortly  afterward,  the  patient  coughed  up 
several  tablespoonsful  of  thick,  white,  tenacious  mucus.  Two  hours  later,  physical  exami¬ 
nation  revealed  entirely  normal  findings  in  both  lungs.  Recovery  was  uneventful 
thereafter. 

Coiunicut. — In  this  case,  nerve  block  permitted  effectual  coughing  by  relieving  the 
pain  that  had  prevented  it  pi-eviously.  There  was  only  mucus  in  the  tracheobronchial 
tree,  and  it  may  be  that  this  is  an  instance  of  an  abnormally  large  secretion  of  mucus 
because  of  reflex  stimulation  via  the  intercostal  nerves.  If  this  reasoning  is  correct,  one 
effect  of  the  nerve  Idock  may  have  been  to  reduce  the  secretion  f)f  mucus," 
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Hemothorax  and  Hemothoracic  Empyema 

Thomas  H.  Burford,  M.D. 

GENERAL  CONSIDERATIONS 

At  the  beginning  of  World  War  II,  there  was  little  or  no  realization  of 
the  fact  that  hemothorax  was  the  most  frequent,  and  j^robably  the  most  im¬ 
portant,  conH^lication  of  wounds  of  the  chest.  A  brief  experience  with  these 
wounds,  however,  compelled  the  recognition  of  both  its  frequency  and  its  im¬ 
portance.  The  principles  and  techniques  by  which  liemothorax  Avas  managed 
influenced  the  entire  scheme  of  the  treatment  of  chest  Avounds  from  forward 
hospitals  through  chest  centers. 

In  AueAv  of  these  facts,  it  is  surprising  to  find  that  hemothorax  had  at¬ 
tracted  very  little  attention  before  World  War  II.  Surgeons  avIio  dealt  with 
it  at  all  Avere  divided  into  two  schools.  One  grou]^  maintained  that  absorption 
of  the  sanguineous  intrapleural  material  Avould  invariably  take  place,  and  Avith 
reasonable  promptness.  The  other  group  adAmcated  the  prompt  evacuation 
of  the  pleural  caA^ity,  on  the  premise  that  blood,  by  its  mere  presence,  Avas 
harmful.  Even  those  Avho  did  not  accept  the  theory  that  all  hemothoraces  AA^ere 
absorbed  by  natural  processes  believed  that  this  occurred  in  90  to  95  percent 
of  all  thoracic  Avounds. 

When  the  literature  of  the  preAvar  period  is  examined,  one  cannot  fail  to 
be  impressed  Avith  the  small  number  of  observers  Avho  concerned  themselves 
Avith  the  fate  of  the  5  or  10  percent  of  patients  Avhose  hemothoraces  Avere  not 
absorbed.  This  lack  of  concern  Avas  evident  in  the  military  manual  on  thoracic 
surgery  issued  in  1943  under  the  auspices  of  the  American  Association  for 
Thoracic  Surgery  and  the  National  Research  Council  (1).  Blood  in  the  chest, 
according  to  this  manual,  tends  to  remain  fluid,  probably  because  it  is  defibri- 
nated  by  the  motions  of  the  lungs  and  the  lieart.  A  section  Avas  devoted  to  the 
management  of  infected  hemothorax,  but  no  recommendations  Avere  made  for 
dealing  Avith  the  exceedingly  important  complication  of  clotted  hemothorax. 
The  omission  Avas  typical.  It  Avas  also  unfortunate.  The  casualties  Avhose  hemo¬ 
thoraces  clotted  or  did  not  absorb  for  other  reasons  constituted  the  group  Avho 
developed  empyemas  that  tended  toAvard  chronicity  and  AAdio  presented  encased 
lungs  or  contracted  hemithoraces,  Avitli  resulting  impairment  of  respiratory 
function. 

Until  articles  on  unabsorbed  hemothorax  began  to  be  published  from  the 
Mediterranean  Theater  of  Operations,  U.S.  Army,  in  World  War  II,  not  many 
obseiwers  even  mentioned  the  possible  clotting  of  blood  in  the  pleural  cavity. 
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It  is  also  startling,  in  retrospect,  to  find  in  tlie  prewar  literature  almost  no 
effort  to  distinguish  postpneumonic  and  metapnenmonic  empyema  from  post- 
traumatic  empj^ema,  altliough  the  latter  variety,  if  not  correctly  managed,  gives 
rise  to  a  far  higher  incidence  of  chronicity.  Both  varieties  were  discussed  as  if 
they  were  of  the  same  origin  and  had  the  same  characteristics.  Studies  on 
hemothorax  as  an  antecedent  to  empyema  were  remarkable  for  their  paucity. 

The  recognition  of  hemothorax  as  perhaps  the  most  important  complica¬ 
tion  of  wounds  of  the  chest  wuis  a  development  of  World  War  II.  Had  the 
prewar  laissez-faire  a|:»proach  to  it  been  carried  over  into  military  surgery, 
it  wmuld  have  resulted  in  an  intolerably  high,  rate  of  pleural  sepsis  in  World 
War  II. 

Nomenclature.— Before  proceeding  with  the  discussion  of  hemothorax 
and  its  sequelae,  it  is  necessaiy  to  define  tlie  meaning  and  implications  of  the 
terms  used  for  this  condition  in  World  War  II : 

The  term  “simple  hemothorax^’  implied  the  presence  of  blood  in  the  pleural 
cavity,  without  complicating  features.  This  term  wuis  used  whether  the  blood 
was  the  result  of  injury  to  the  chest  waill  alone  or  was  the  result  of  a  pene¬ 
trating  or  a  perforating  wound. 

The  term  “infected  hemothorax”  implied  the  presence  of  bacteria  in  the 
pleural  fluid,  plus  the  clinical  manifestations  of  their  presence. 

The  term  “chronic  hemothorax”  or  “chronic  traumatic  hemothorax”  was 
used  to  indicate  any  collection  of  blood  in  the  pleural  cavity  that  could  not  be 
reduced  by  thoracentesis.  The  term  implied  that  fresh  blood  had  ceased  to 
enter  the  pleural  space,  that  hemostasis  had  been  achieved,  and  that  the  collec¬ 
tion  of  blood  was  therefore  residual.  A  chronic  hemothorax  w^as  usually  an 
organizing  hemothorax.  It  was  the  clotting  of  the  blood  plus  its  inevitable 
sequela,  oi‘ganization,  that  made  aspiration  no  longer  possible,  A  neglected 
accumulation  of  intrapleural  blood  that  could  be  satisfactorily  aspirated  was 
not  considered  chronic  because  it  could  be  evacuated  at  Avill  by  pi’Oj)er  treatment. 

There  Avas  general  agreement  that  the  term  “chronic  hemothorax”  AA^as  both 
inadequate  and  misleading.  It  did  not  indicate,  or  even  suggest,  the  really 
important  element  in.  the  pathologic  process.  This  element  Avas  the  presence 
of  fibrin,  AAdiether  it  AAurs  deriA^ed  from  blood  spilled  into  the  pleura,  or  from 
exudate  formed  by  the  pleura,  or  had  been  deposited  in  some  other  manner. 
Some  such  term  as  “fibrothorax”  Avould  have  been  more  expressive  and  more 
correct,  but  the  term  “chronic  traumatic  hemothorax”  began  to  be  used,  and 
semantic  changes  Avere  not  practical  in  Avartime. 

INCIDENCE  OF  HEMOTHORAX  AND  ITS  COMPLICATIONS 

Hemothorax.— Statements  concerning  the  incidence  of  hemothorax  in 
combat-incurred  Avounds  of  the  chest  are  iiecessarily  imprecise.  Probably 
eA^ery  casualty  Avith  a  perforating  or  a  penetrating  thoracic  Avoimd  had  a  hemo- 
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tliorax  of  some  degree.  In  a  certain  proportion  of  injiunes,  perhaps  15  or  20 
percent,  the  collection  of  blood  was  so  small  as  to  cause  no  clinical  manifesta¬ 
tions,  and  it  was  rapidly  absorbed  by  natural  processes. 

Ahxrious  studies  from  the  hospitals  in  the  Mediterranean  theater,  including 
the  chest  centers,  show  the  incidence  of  hemothorax  to  range  from  80  to  81 
percent.  Well  over  half  of  the  casualties  received  in  field  hospitals  after 
wounding  already  had  enough  blood  in  the  pleural  cavity  to  make  its  removal 
an  urgent  part  of  the  effort  to  restore  the  cardiorespiratoiy  equilibrium.  More 
significant  than  the  high  initial  incidence  is  the  fact  that  about  three-quarters 
of  tlie  casualties  received  in  base  hospitals  arrived  with  sufficient  intrapleural 
blood  to  require  treatment. 

In  the  great  majority  of  hcmothoraces,  once  the  policy  of  early  and  com¬ 
plete  thoracentesis  had  been  established,  recoA-ery  Avas  prompt  and  uncompli¬ 
cated  in  the  absence  of  complications  from  other  components  of  the  thoracic 
injury.  In  752  hemothoraces  treated  at  the  300th  General  Hospital  chest 
center  in  the  Mediterranean  theater,  betAveen  1  April  and  20  December  1944, 
by  Maj.  Thomas  PI.  Burford,  MC,  and  Maj.  (later  Lt.  Col.)  EdAvard  F.  Parker, 
MC,  there  Avere  no  complicatioiis  in  603  of  678  cases  in  AAdiich  the  blood  could 
be  removed  by  aspiration.  The  average  time  required  for  complete  clearing 
of  the  chest  Avas  from  10  to  14  days,  and  the  aA*erage  nionber  of  thoracenteses 
required  Avas  from  3  to  4. 

Clotting  and  organization. — The  hemothoraces  that  gave  rise  to  diffi¬ 
culties  Avere  those  in  Avhich  clotting  occurred.  Exactly  hoAv  often  this  hap¬ 
pened,  it  is  not  possible  to  saA^  During  the  Italian  campaign,  some  forAvard 
hospitals  reported  incidences  of  clotting  ranging  to  25  and  30  percent.  Tliese 
leA^els  are  exceptionally  high.  In  one  or  tAvo  later  studies,  the  incidence  Avas 
9  or  10  percent,  Avhich  is  rather  Ioav.  Clotting  probably  occurred  in  about 
15  percent  of  all  hemothoraces,  even  Avhen  thoracentesis  Avas  undertaken  early 
and  Avas  repeated  as  necessary. 

The  incidence  of  clotting  naturally  varied  Avith  circumstances.  It  Avas 
more  frequent  in  seA^ere  Avounds.  It  Avas  also  more  frequent  the  longer  thora¬ 
centesis  Avas  delayed.  A  casualty  Avho  Avas  brought  promptly  to  a  hospital 
near  the  frontline  and  Avhose  chest  Avas  evacuated  as  part  of  the  regimen  of 
resuscitation  seldom  deA^eloped  an  organizing  hemothorax. 

In  nearh^  all  instances  of  extensive  clotting,  some  degree  of  organization 
of  the  clot  folloAved.  Infection,  Avith  its  clinical  manifestations,  could  and  did 
occur  in  many  unclotted  hemothoraces,  but  it  Avas  much  more  likely  to  occur 
in  large  clotted  collections.  Tavo  other  consequences  of  clotting  Avere  also 
serious : 

1.  If  an  organizing  hemothorax  Avas  of  any  size,  simple  removal  of  the 
clots  at  thoracotom}-  or  attempted  evacuation  of  the  pleural  cavity  by  Avater- 
seal  intercostal  drainage  practically  ahvays  proved  inadequate,  and  the  result¬ 
ing  pulmonary  reexpansion  Avas  entirely  unsatisfactory. 
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2.  If  expectant  treatment  was  employed  in  organizing  liemotliorax,  the 
period  required  for  resolution  was  always  prolonged.  In  one  group  of  13 
patients  observed  late  in  the  war,  the  total  time  for  clearing  ranged  from  41 
to  125  days  and  averaged  78  days.  Clotting  of  a  hemothorax  was  therefore 
an  important  cause  of  prolonged  morbidity. 

Infection  and  hemothoracic  empyema. — Most  infected  hemothoraces 
were  preceded  by  clotting,  and  most  posttraumatic  empyemas  were  preceded 
by  infected  hemothoraces.  There  was  seldom  any  doubt  of  the  sequence  of 
events.  In  a  small  number  of  cases,  even  uninfected  organizing  hemothoraces 
produced  extreme  degrees  of  respiratory  crippling,  though  the  worst  of  these 
cases  did  not  compare  in  severity  with  the  crippling  observed  in  x^atients  in 
whom  infection  of  a  hemothorax  had  been  x^ermitted  to  become  chronic.  Dur¬ 
ing  World  War  I,  chronic  emx:)yema  was  the  most  frequent  coinx^lication  of 
chest  wounds  (^) .  Almost  a  quarter  of  the  thoracic  casualties  died,  and  from 
25  to  30  x^ercent  develox^ed  emx^yema.  If  these  same  x)rox)ortions  had  x:>revailed 
during  World  War  II,  the  results  of  chest  wounds  would  have  been  disastrous. 

In  the  early  months  of  fighting  in  Xorth  Africa,  before  the  management  of 
hemothorax  had  been  standardized,  tlie  incidence  of  emx^yema  was  high,  run¬ 
ning  to  25  or  30  x^ercent  in  some  hosx^itals.  Even  in  the  chest  center  at  the  53d 
Station  T[osx:)ital,  Bizerte,  which  Avas  equix:)i:>ed  and  stafi'ed  for  the  sx)ecialized 
care  of  chest  injuries,  it  Avas  22.6  x^ercent.  By  the  end  of  the  Avar,  the  general 
incidence  in  the  theater  did  not  exceed  10  or  11  x^ercent,  and  more  than  one 
hosx)ital  had  achieved  an  incidence  as  Ioav  as  7  x>ei‘cent.  In  the  Eurox)ean 
Theater  of  Ox^erations,  U.S.  Army,  Avhich  had  the  early  experience  of  the  Medi¬ 
terranean  theater  to  guide  it,  chronic  hemothoracic  einx^yema  Avas  also 
infrequent. 

An  incidence  of  oath  7  x^ercent  is  much  higher  than  the  incidence  of  em- 
X)yema  after  chest  Avounds  in  civilian  practice.  The  exx^lanation  of  the  differ¬ 
ence  is  simx^le :  In  ciAulian  life,  the  agents  of  Avounding  are  usually  ice  X^icks  and 
bullets,  Avliich  have  a  limited  and  localized  destructive  cax:>acity.  In  combat- 
incurred  injuries,  on  the  other  hand,  AAdiile  bullets  Avere  frequently  as  innocuous 
from  this  standpoint  as  they  are  in  civilian  life,  most  Avounds  Avere  large  Avounds, 
and  tissue  destruction  Avas  extensiA^e.  Moreover,  in  combat-incurred  Avounds, 
the  missiles  often  carried  Avith  them  into  the  chest  fragments  of  fractured  ribs, 
bits  of  clothing,  and  other  debris.  Ketained  metallic  foreign  bodies,  unless  they 
Avere  very  large,  played  no  significant  role  in  most  intrapleural  infections 
(p.32r).'' 

In  World  War  II,  the  factors  most  frequently  responsible  for  posttraumatic 
emx\yema  AATre  delayed  and  inadequate  evacuation  of  the  x^leural  cavity,  inade¬ 
quate  debridement,  inadequate  drainage  of  the  x^leural  cavity,  and  excessiA^ely 
prolonged  treatment  by  asxfi ration  and  instillation  of  x^enicillin  Avhen  it  Avas 
obAuous  that  radical  therapy  Avas  required.  The  necessary  interrux^tion  of  x^ro- 
fessional  sux^ervision  of  casualties  in  the  chain  of  eA^acuation  Avas  x^i’okably 
resx)onsible  for  a  small  number  of  cases  early  in  the  Avar.  IIoav  serious  a  x^art 
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inadequate  early  treatment  plays  in  the  development  of  empyema  is  evident  in 
figures  reported  by  d’Abreu  {3)  :  When  the  British  evacuated  88  soldiers  of  all 
nationalities  who  had  been  engaged  in  guerrilla  warfare  in  Yugoslavia  and  who 
had  had  no  early  surgical  treatment  for  their  chest  wounds,  they  found  that 
48  of  them  had  empyema. 

The  reduction  in  the  incidence  of  posttraumatic  empyema  as  the  war  pro¬ 
gressed  was  the  result  of  several  factors,  the  most  important  of  which  was  the 
increasing  emphasis  put  upon  early,  complete  evacuation  of  the  pleural  cavity, 
which  was  followed  by  prompt  reexpansion  of  the  lung.  The  advent  of  penicil¬ 
lin,  with  its  beneficial  effect  on  residual  infection,  also  played  a  part.  Penicillin 
represented  an  improvement  over  the  sulfonamides,  but  it  was  not  the  major 
factor  in  the  improvement.  The  most  important  single  factor  in  the  lowered 
incidence  of  posttraumatic  empyema  was  the  improvement  in  the  surgery  of 
chest  wounds  that  came  to  pass  with  the  increased  experience  of  general  and 
thoracic  surgeons  and  of  anesthesiologists. 

Figures  for  empyema  supplied  by  the  Medical  Statistics  Division,  Office 
of  The  Surgeon  General,  appear  in  tables  13  and  14.  In  connection  with  table 
13,  attention  is  called  to  tlie  fact  that  data  available  only  for  1044  and  1945 


Table  13. — Admissions  for  em'pyema  of  the  chest  in  the  U.S.  Army,  by  area  and  year,  1942-45 
[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 

[Rate  expressed  as  number  of  admissions  per  annum  per  1,000  average  strength] 


Area 

1942-45 

1942 

1943 

1944 

1945 

Num¬ 

ber 

Rate 

Num¬ 

ber 

Rate 

Num¬ 

ber 

Rate 

Num¬ 

ber 

Rate 

Num¬ 

ber 

Rate 

Continental  United 

States  - 

406 

0.  03 

121 

0.  05 

175 

0.  03 

75 

0.  02 

35 

0.  01 

Overseas: 

Europe  _  .  - 

100 

0.  02 

2 

0.  02 

13 

0.  05 

20 

0.  01 

65 

0.  03 

AI  e  d  i  t  c  r r  a  n  ea.  n  ^ _ 

14 

.  01 

5 

.  01 

9 

.  01 

Middle  East 

4 

.  03 

4 

.  08 

China-Burma- 

India. 

1 

.  00 

1 

.  01 

Southwest  Pacific _ 

15 

.  01 

1 

.  01 

2 

.  01 

7 

.  01 

5 

o 

o 

Central  and  South 

Pacific 

25 

.  02 

2 

.  01 

11 

.  04 

7 

.  02 

5 

.  01 

North  America  ^  . 

20 

.  04 

5 

.  05 

11 

.  06 

4 

.  03 

T  iU, ti n  A  ui  c vi  c n 

4 

.  01 

2 

.  02 

2 

.  02 

Total  overseas  U. 

201 

0.  02 

12 

0.  02 

48 

0.  03 

51 

0.  01 

90 

0.  02 

Total  Armv 

607 

0.  02 

133 

0.  04 

223 

0.  03 

126 

0.  02 

125 

0.  02 

1  Includes  X'orth  Africa. 

2  Includes  Alaska  and  Iceland. 

3  Includes  admissions  on  transports. 


m 
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slioAv  that  the  incidence  of  empyema  during-  this  period  was  nearly  six  times 
higher  than  the  number  of  admissions  due  to  the  condition^ 

For  1944  (table  13),  preliminary  tabulations  of  individual  medical  records 
showed  126  admissions  and  805  secondary  cases  of  empyema.  The  figure  for 
the  secondaiy  cases  was  derived  from  a  20-percent  sample,  consisting  of  161 
punchcard  records.  One- third  of  the  cases  of  empyema  occurred  among  admis¬ 
sions  in  the  Zone  of  Interior  and  tAvo-thirds  among  admissions  overseas.  In 
the  latter  group,  more  than  70  percent  of  the  cases  were  of  battle  origin.  Three- 
fourths  of  the  remaining  cases  originated  in  disease  and  tlie  other  quarter  in 
nonbattle  injuries.  Feaiiy  90  percent  of  the  empyemas  secondary  to  battle  in- 


Tablb  14. — Distrihution  of  a  20  percent  sample^  of  secondarif  cases  of  empyema  of  the  chest 
in  the  U.S.  Army,  1944f  of  admission,  type  of  admission  of  primary  condition, 

and  evacuee  status 

[Preliminary  data  based  07i  tabulations  of  individual  medical  records] 


Type  of  admission 

Conti- 
iiontal 
Uni  tod 
States 

Overseas 

Europe 

Medi¬ 

terra¬ 

nean 

Middle 

East 

China- 
Jhirma- 
India  | 

South¬ 

west 

Pacific 

Central 

and 

South 

Pacific 

North 

Amer¬ 

ica 

Battle  injury  and  wound: 
Thoracic 

EVACUATED 

86 

5 

!  8 

8 

8 

1 

1 

4 

1 

Thoracoabdominal  , 

Other  regions  _  _  _ 

1 

1 

Total  _ 

49 

17 

i  1 

i 

4 

1 

Nonliattle  injury: 

Tlioracic 

•  1 

1 

1 

Thoracoal)dominal 

Other  regions- _  i 

Total--- _ - 

3 

Disease: 

Pneumonia  _  _ 

1 

1  1 

5 

Bronchiectasis 

1 

Other  diseases  -  _ 

1  ! 

1 

1 

1 

Total  -  _ 

7 

1 

1 

1 

1 

1 

Grand  total-  _  _ 

59 

IS 

2 

5 

2 

1 

See  footnotes  at  end  of  table. 

i 

1  It  should  be  pointed  out  again  that  the  term  ‘‘admissions”  I'efers  to  patients  admitted  to  medical 
treatment  facilities  for  the  specified  condition  as  the  primary  cause  of  admission,  while  the  term 
“incidence”  includes  not  only  these  patients  but  also  patients  in  whom  tlie  specified  condition  was 
reported  as  secondary  to  other  admission  diagnoses. 
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Table  14. — Disirihution  of  a  ^0  'percent  sample  ^  of  secondary  cases  of  empyema  of  the  chest 
in  the  U,S.  Army,  1944,^  by  area  of  admission,  Ujpe  of  admission  of  primary  condiiion, 

and  evacuee  sictif?/s-^CoTitii]ued 
[Prcliniiniiry  data  based  on  tabulations  of  individual  medical  records] 


1 

Overseas 

Type  of  admission 

Conti¬ 

nental 

United 

States 

Europe 

Medi¬ 

terra¬ 

nean 

Middle 

East 

China- 

Burma- 

India 

South¬ 

west 

Pacific 

Central 

and 

South 

Pacific 

North 

Amer¬ 

ica 

NOT  EVACUATED 

Battle  injury  and  wound: 

1 

1 

1 

' 

1 

1 

1 

Nonbattle  injury: 

4 

1 

1 

1 

1 

1 

Tnfni 

5 

1 

1 

2 

Disease: 

Pneumonia 

26 

3 

4 

2 

2 

21 

2 

T'nf  p.l 

49 

3 

6 

2 

Grand  totaL _ 

54 

5 

7 

2 

1 

3 

1 

i 

1  Two  sample  cases — one  admission  each  in  the  European  theater  and  in  the  Southwest  Pacific  Area— have  been 
omitted  from  tlic  table  since  they  could  not  be  located  in  the  card  file. 

2 1944  refers  to  year  in  which  primary  cause  of  admission  occurred.  The  empyema  may  have  occurred  in  that  year 
or  subsequent  to  1944. 

jury  followed  injuries  of  the  chest  or  thoracoabdominal  region.  There  were 
115  separations  from  service  for  empyema  during  the  1942-45  period. 

PATHOGENESIS  OF  ORGANIZING  HEMOTHORAX 

Natural  History  of  Simple  Hemothorax 

Origin  of  blood. — Though  it  was  not  always  possible  to  determine  the 
exact  origin  of  tlie  blood  in  the  pleural  cavity,  by  far  the  most  frequent  source 
was  wounds  of  tlie  lung.  Hemorrhage  from  the  lung,  however,  tends  to  spon¬ 
taneous  arrest  Avitliin  a  sliovt  time.  Eacerations  of  intercostal  vessels  were  the 
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liGi  HE  <1. — Hemothorax  with  recurrent  pulmonary  hemorrhage.  A.  Postero- 
anterior  roentgeiiograiii  showing  extensive  right  hemothorax,  with  retained  foreign 
hody.  7  days  after  wounding.  B.  Same.  7  days  lat(*r,  after  secondary  hemorrhage 
from  lung. 


second  most  frequent  source;  in  many  instances,  bleedina'  from  these  injuries 
was  combined  with  bleeding  from  wounds  of  the  lung.  In  a  much  smaller  num¬ 
ber  of  injuries,  the  source  of  the  bleeding  was  the  internal  mammary  vessels; 
the  vessels  of  the  heart,  the  pericardium,  or  both ;  and  the  larger  vessels,  such  as 
the  innominate  and  subclavian  arteries  and  the  azygos  vein.  As  has  already 
been  pointed  out,  casualties  with  injuries  of  the  great  vessels  of  the  chest  seldom 
survived  to  reach  a  field  hospital. 

Secondary  hemorrhage  into  the  pleural  cav  ity  was  extremely  uncommon. 
It  was  recorded  only  3  times  in  752  cases  of  hemothorax  studied  by  Major  Bur- 
ford  and  Major  Parker.  In  only  one  of  the  three  cases  did  the  hemorrhage 
recur  from  the  lung  (fig.  Tl),  2  weeks  after  wounding.  In  the  second  case,  the 
recurrence  was  from  a  laceration  of  the  intercostal  artery.  In  the  third  case, 
an  unsuspected  traumatic  aneurysm  of  the  right  subclavian  artery  ruptured,  and 
the  patient  died  almost  at  once  (p.  45).  The  roentgenologic  examination  (fig. 
72)  did  not  arouse  the  suspicion  that  a  lesion  of  such  potential  gravity  could 
coexist  with  the  characteristic  picture  of  clotted  hemothorax. 

Effects  of  blood  on  pleural  structures. — In  spite  of  the  problem  hemo¬ 
thorax  has  pre.sented,  at  least  in  combat  Avounds,  there  liaA  e  been  remarkably 
few  studies  of  the  intrapleural  changes  associated  Avith  it.  The  fluoroscopic 
studies  made  by  EdAvards  and  Davies  (Jf)  in  1940  represent  one  of  the  first 
serious  efforts  to  ascertain  the  nature  of  the  pleural  response  to  blood  in  the 
pleural  cavity.  Before  the  Avar,  opinions  differed  concerning  its  irritatiA^e  ef¬ 
fects.  The  World  War  II  experience  Avas  not  conclusive,  and  final  judgment 
must  be  reserved. 
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Figi  RE  71. — CoiUiiined.  C.  Same,  2  days  later.  sllo^Yi^g  residual  clotted  hemo¬ 
thorax  after  two  thoracenteses.  1).  Same,  after  thoracotomy  for  removal  of 
foreign  body  and  decortication  of  rigiit  lung.  At  operation,  it  was  found  that  the 
secondary  hemorrhage  had  occurred  from  a  laceration  of  the  lung  at  site  of  entry 
of  missile. 


Little  evidence  was  produced  in  World  War  II  to  substantiate  the  theory 
that  unaltered  liquid  blood  acted  as  an  inflammatory  agent.  This  generaliza¬ 
tion  held,  however,  only  while  the  blood  remained  unaltered.  There  seemed 
no  doubt  that  it  underwent  rather  profound  physiochemical  changes  as  soon 
as  it  left  its  normal  endotlielial-lined  habitat  and  that  these  changes  were  pro¬ 
gressive  in  both  kind  and  degree.  The  first  fluid  aspirated  after  wounding 
was  pure  blood  or  distinctly  bloody,  but  its  character  changed  as  aspirations 
were  continued.  It  became  serosanguineous,  and  then,  before  the  chest  was 
entirely  emptied,  it  became  merely  serous. 

A  fibrin  layer  Avas  uniforndy  found  on  the  pleural  surface  in  all  hemo- 
tlioraces.  It  Avas  alAvays  more  jAronounced  in  clotted  than  in  unclotted  cases. 
Since  clotted  blood  not  only  binds  fibrin  but  also  represents  a  greater  physio- 
chemical  departure  from  normal  than  a  liquid  hemothorax,  in  Avhicli  fibrin  is 
free,  the  inference  Avas  that  the  fibrin  layer  represented  an  inflammatory  re¬ 
sponse  rather  than  a  passiA^e  deposition  of  fibrin  or  a  salting-out  phenomenon. 
As  Avould  be  expected,  the  response  Avas  proportional  to  the  degree  of  alteration 
of  the  blood;  that  is,  Avhether  it  Avas  (1)  clotted  or  (2)  clotted  and  contaminated. 

In  the  hemothoraces  controlled  by  thoracenteses,  laboratory  studies  shoAved 
that  the  pleural  fluid  Avas  Ioav  in  protein  and  relatiA^ely  free  of  red  blood  cells. 
EA’^en  in  uncomplicated  hemothoraces,  as  just  pointed  out,  a  certain  amount  of 
fibrin  Avas  deposited  over  the  pleural  surfaces,  but  the  thin,  shaggy  coat  Avas 
not  demonstrable  on  roentgenologic  examination,  and  the  fibrin  content  of  the 
intrapleural  fluid  Avas  so  small  that  total  aspiration  Avas  entirely  feasible  (fig. 
73). 
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riGURE  72. — Posteroanterior  roentgenogram 
showing  clotted  right  hemothorax.  There  is 
nothing  in  the  film  to  suggest  the  traumatic  an¬ 
eurysm  of  the  first  portion  of  right  subclavian  ar¬ 
tery,  rupture  of  which  was  immediately  fatal. 


Theories  of  Origin  of  Organizing  Hemothorax 

Tlie  pathogenesis  of  organizing  hemothorax  was  no  clearer  at  the  end  of 
the  war  than  at  the  beginning.  Tliere  were  no  facilities  in  a  conYbat  zone  for 
experimental  studies  on  why  clotting  occurred  in  some  traumatic  liemotlioraces 
and  did  not  occur  in  others.  Clinical  and  pathologic  observations  in  a  large 
number  of  chest  injuries  do,  however,  permit  a  certain  amount  of  legitimate 
speculation. 

Certain  causes  could  be  eliminated  at  once.  An  analysis  of  the  missiles  that 
caused  the  wounds  associated  with  clotted  hemothorax  revealed  no  common  de¬ 
nominator  to  explain  what  occurred.  The  degree  of  pneumothorax  present 
axYparently  played  no  XYart,  as  might  have  been  expected ;  the  presence  or  absence 
of  air  does  not  influence  the  clotting  of  blood.  The  relati\'e  severity  of  the 
wounds  of  the  lungs  and  soft  tissues  played  no  decisive  role;  hemothorax  was 
more  frequent  in  severe  injuries  because  seA^ere  injuries  Avere  more  frequent. 
Organizing  hemothorax  occurred  in  some  cases  in  AAdiich  the  injury  Avas  limited 
to  the  external  chest  Avail  and  also  occurred  in  some  contusions  and  blast 
injuries. 

With  these  obAuous  factors  eliminated,  it  Avas  necessary  to  turn  to  the 
mechanism  of  clotting  for  a  possible  explanation  of  clotted  or  organizing 
hemothorax.  There  Avere  three  theories : 

1.  The  first  hypothesis  Avas  that  bacteria  might  be  present  in  the  pleural 
cavity  and,  in  the  presence  of  blood,  might  incite  an  exudative  response,  Avhicli 
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PiCrUKE  73. — Massive  liquid  hemothorax  without  infection.  A.  Postero- 
anterior  roentfteiiogTam  made  shortly  after  wounding’  and  showing  hemothorax. 

B.  Same,  10  days  later,  after  six  thoracenteses,  by  which  a  total  of  3,150  cc. 
of  blood  and  other  fluid  was  removed. 

would  favor  tlie  formation  of  fibrin  deposits,  rather  than  a  transexudative 
response.  If  bacteria  were  seeded  generously  over  the  pleural  surfaces,  a 
frankly  suppurative  response  would  be  expected,  and  a  true  su^^purative  pleu- 
ritis  would  develop.  If,  however,  they  were  implanted  in  such  small  numbers 
as  not  to  incite  a  Avidespread  pleural  response,  their  presence  might  still  be  suffi¬ 
cient  to  alter  the  response  from  transexudatiA’e  to  exudative,  and  the  clinical 
picture  would  be  dominated  by  tlie  presence  of  fibrin  deposits  rather  than 
by  suppuration. 

The  sharp  and  often  prolonged  febrile  responses  seen  in  organizing  hemo¬ 
thorax  furnished  clinical  evidence  of  the  exudative  character  of  the  pleural 
response  to  blood.  In  uninfected  hemothoraces,  a  moderate  febrile  response 
often  occurred,  but  it  Avas  practically  ahvays  of  short  duration,  usually  no  longer 
than  from  10  to  14  days.  In  infected  cases,  the  clinical  manifestations 
continued,  and  if  suppuration  Avere  impending,  they  became  more  pronounced. 

Bacterial  seeding  probably-  explained  some  instances  of  organizing  hemo¬ 
thorax,  but  it  could  not  be  accepted  as  a  universal  explanation.  It  Avas 
undoubtedly  a  factor  in  some  hemothoraces  Avhich  Avent  on  to  empyema.  The 
fact  that  iionhemolytic  Stajyhylococcus  aureus  Avas  the  most  frequent  causa - 
th^e  organism  in  empyema  and  that  this  organism  does  not  i^roduce  fibrol3^sin 
lent  some  support  to  this  theory.  Clotted  blood  containing  pathogenic  bac¬ 
teria.  served  as  an  excellent  culture  medium,  just  as  devitalized  muscle  served 
as  a  culture  medium  in  all  Avounds.  This  Avas  particularly^  true  of  anaerobes, 
Avliicli  deA^elop  rapidly  under  Ioav  oxygen  tension.  Clot  formation  about  bac¬ 
teria  in  hemothorax  also  had  the  effect  of  preventing  penicillin  or  the  sulfona¬ 
mides  from  reaching  these  entrenched  organisms.  They  Avere  not  influenced 
by  either  local  or  systemic  therapy. 
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2,  The  second  hypothesis  was  that  clotting  in  hemothorax  might  be  the 
result  of  the  simultaneous  presence  of  blood  and  coagulative  ferments  in  the 
pleural  cavity.  This  theory  was  not  considered  acceptable.  For  one  thing, 
the  actual  amount  of  blood  present  seemed  of  no  importance  ;  the  preponder¬ 
ance  of  white  clot  present  in  some  cases  pointed  to  an  excess  of  plasma.  There 
was  also  no  uniformity  in  the  time  at  which  clotting  occurred.  Clotted  blood 
was  sometimes  found  in  the  pleural  cavity  when  thoracotomy  was  performed 
from  4  to  6  hours  after  wounding.  Sometimes,  the  clot  was  so  firin  a  few  days 
after  Avounding  that  it  dehed  needle  aspiration.  In  other  instances,  the  blood 
might  remain  liquid  for  many  days,  and  all  of  it  could  be  removed  by 
thoracentesis. 

There  Avas  no  acceptable  explanation  for  these  variables.  It  might  be  that 
the  churning  moA^ements  of  the  diaphragm,  heart,  lungs,  and  chest  Avail  had  a 
defibrinating  eHect.  Sellers  (5)  remarked  that  any  surgeon  Avho  opened  a 
recent  hemothorax  must  have  been  impressed  “by  the  tumultuous  Avay  in  Avhich 
the  blood  is  flung  about  the  pleural  cavity,”  Fibrin  and  blood  clots  Avere  often 
seen  in  the  costophrenic  sinus  and  the  loAver  portion  of  the  pleural  cavity  Avithin 
a  short  time  after  Avoimding.  Another  consideration  Avas  that  both  the  lungs 
and  the  muscles  are  ready  sources  of  thromboplastin. 

Even  granting  all  of  these  facts,  acceptance  of  the  theory  that  the  pres¬ 
ence  of  Avhole  blood  and  coagulative  ferments  Avas  responsible  for  organizing 
hemothorax  Avould  leaA^e  many  cases  unexplained. 

3.  The  most  reasonable  hypothesis  Avas  that,  as  the  result  of  trauma,  nor¬ 
mal  pleural  fluid  Avas  so  modified  that  it  became  exudative  rather  than  serous. 
As  has  already  been  pointed  out,  a  response  by  the  pleura  could  be  expected 
AvheneA’er  blood  Avas  spilled  into  tlie  pleural  cavity  as  the  result  of  Avounding, 
e\'en  if  the  process  Avent  no  further.  ^loreover,  Avounds  of  the  lungs  and  pleura 
cannot  be  fundamentally  different  from  Avounds  of  other  tissues.  If  this  rea¬ 
soning  is  sound,  the  so-called  edema  of  Avounding  might  be  expected  to  occur  in 
these  tissues  just  as  in  otlier  damaged  tissues.  The  presence  of  edema,  AAdiicli 
reached  its  peak  Avithin  2  to  I  days  after  Avounding,  could  reasonably  be 
assumed  to  alfect  the  character  of  the  pleural  effusion  caused  by  trauma,  in  all 
probability  making  it  richer  in  fibrin.  There  Avould  then  be  present  in  the 
pleural  cavity  an  excess  of  coagulative  ferments  from  the  Avounded  chest  Avail 
or  lung  or  both,  combined  Avith  an  excessive  fibrin  from  the  pleural  effusion. 
In  other  Avords,  there  Avould  be  added  to  the  aaIioIc  blood  spilled  into  the  pleural 
caAnty,  Avhich  might  itself  clot  by  natural  physiologic  processes,  increments 
from  the  pleural  resiDonse  to  Avounding  that  Avould  enhance  the  natural  process 
of  clotting. 

It  is  easy  to  explain  Avhy  early  thoracotomy  and  evacuation  of  AA’liateA-er 
intrapleural  fluid  Avas  then  present  did  not  necessarily  protect  the  patient 
against  tlie  development  of  a  subsequent  clotted  intrapleural  mass.  Wounds 
of  the  thorax  frequently  resulted  in  the  Avi despread  changes  knoAAUi  as  Avet 
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limg  (p.  207).  Wet  lungs  ^yere  heavy  and  soggy,  and  tliey  expanded  only 
sluggishly  and  never  completely  in  the  absence  of  vigorous  corrective  meas¬ 
ures.  For  a  few  days  after  wounding,  therefore,  dead  space  ^  in  the  pleural 
cavity  permitted  the  accumulation  of  pleural  exudate  that  eventual  1}’  became  a 
part  of,  or  constituted,  the  clotted  intrapleural  mass.  If  all  the  blood  in  the 
pleural  cavity  had  been  evacuated  at  thoracotomy  or  otherwise,  the  pleural 
exudate  that  continued  to  accumulate  under  these  circumstances  was  chiefly 
white.  If  all  the  blood  had  not  been  removed,  the  clot  would  be  layered  or 
marbled. 

The  hypothesis  seems  reasonable  that  a  change  in  the  character  of  the 
normal  pleural  fluid  furnishes  an  explanation  for  the  clinical  vagaries  observed 
in  clotted  hemothorax.  It  also  seems  to  explain  the  sequential  relation  of  this 
process  to  the  original  trauma. 


PATHOLOGIC  CHANGES  IN  CHRONIC  TRAUMATIC 
HEMOTHORAX 

The  limited  pathologic  studies  possible  in  a  combat  zone  seldom  warrant 
generalizations  on  any  subject.  A  large  enough  number  of  hemothoraces  were 
observed,  however,  to  elucidate  the  pathologic  changes  in  chronic  traumatic 
hemothorax  and  to  establish  the  rationale  for  its  management. 


Gross  Pathology 

All  hemothoraces,  as  already  pointed  out,  involved  typical  and  definite 
changes  within  the  pleural  cavity,  slight  at  first  but  more  pronounced  as  the 
process  went  on  to  clotting  and  organization. 

The  process  of  hemo-organization  began  with  the  laying  down  of  a  thin, 
loosely  adherent  film  of  fibrin  and  blood  cells  over  both  pleural  surfaces.  With¬ 
in  2  or  3  days  of  its  formation,  angioblastic  and  fibroblastic  proliferation 
be2,*an  to  occur As  early  as  from  7  to  14  days  after  wounding  (figs.  ^4  and 
75) ,  fibroblasts  could  be  seen  groAving  out  from  the  older  (pleural)  side  toward 
the  younger  portion.  The  transition  to  adult  fibrous  tissue  Avas  progressive 
and  rapid  (fig.  76).  Capillaries  grew  in  from  the  pleura,  and  Avithin  8  to  10 
Aveeks,  complete  cellular  symphysis  had  occurred  in  most  cases.  Decortication, 
AAdiich  Avould  liaA^e  been  simple  earlier,  had  noAv  often  become  impossible  (figs. 
77  and  78) . 

2  Dead  space  may  be  defined  as  any  air  or  fluid  or  matter  without  the  confines  of  a  normal  anatomic 
habitat  and  without  a  blood  supply. 

^  These  observations  were  made  on  specimens  secured  at  operation  for  bronchopleural  fistulas, 
removal  of  foreign  bodies,  and  similar  conditions.  Small  clotted  hemothoraces  were  often  found  at 
these  procedures,  and,  when  interest  in  this  complication  of  thoracic  wounds  had  developed,  sections 
were  regularly  taben  for  study. 
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Eiguee  74. — Pliotoiiiicrograi)li  sliowing  organizing  hemo¬ 
thorax  with  replacement  of  acute  tibrinopurulent  deposit  by 
young  vascular  connective  tissue  at  end  of  first  week  after 
wounding.  The  pleural  aspect  of  the  layer  of  exudate  re¬ 
moved  from  the  visceral  pleura  is  toward  left  and  periphery 
toward  right. 


Ihe  essential  feature  of  chronic  traumatic  liemothorax  was  the  formation 
of  this  fibroblastic  and  fibrinofibrous  membrane  or  peel  over  the  visceral  and 
parietal  pleurae.  Once  it  had  formed,  the  hemothorax  was  converted  into  an 
enclosed  hematoma  of  the  pleural  space  (fig.  Y9) . 

It  should  be  emphasized  that,  in  the  beginnino-j  the  i^leura  itself  took  no 
part  in  the  pathologic  process.  Until  fusion  between  it  and  the  rind  occurred, 
it  remained  remarkably  normal  in  appearance.  The  pleural  thickening  which 
was  sometimes  described  on  roentgenograms  was  never  observed  at  operation. 
The  practice  of  describing  peripheral  obscuration  as  thickened  pleura  was 
incorrect  and  misleading.  In  the  early  phases  of  an  organizing  hemothorax, 
examination  of  sections  of  the  encasing  sac  never  revealed  elastic  tissue,  al¬ 
though  elastic  fibers  were  always  found  in  sections  from  the  lung  or  the  soft 
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I^iGUEE  75. — Photomicrogrnph  sliowing  fibroblastic  membrane  from  clotted 
liemotliorax  11  days  after  woimding.  Note  that,  even  at  this  early  stage,  the 
hemothorax  has  a  definite  capsid elike  character.  Capillaries  have  already  begun 
to  appear  in  older  (pleural)  side  at  bottom  of  specimen.  Hematoxylin  and 
eosin  stain.  (  X  00) 


tissue  of  the  tlioracic  wall  just  beneath  tlie  pleural  inesothelium.  If,  lioweA  er, 
the  process  went  on  without  interruption,  the  membrane  eA^entually  undei'went 
complete  fibrous  and  Avascular  union  Avith  the  pleura,  AAdtich  then  lost  its  identity 
as  a  delimiting  membrane. 

The  facts  just  stated  Avere  of  great  importance  in  the  selection  of  the  time 
for  decortication  (p.  286) .  The  ease  Avith  AAdiich  a  cleavage  plane  could  be  estab¬ 
lished  betAveen  the  tAim  layers  (the  rind  and  the  pleura)  at  operation  AAas  a 
direct  function  of  the  age  of  the  limiting  membrane  (fig.  78).  Experience 
shoAved  that  after  4  Aveeks  from  the  date  of  injury  the  chances  of  performing 
satisfactory  decortication  dropped  rapidly  AAnth  each  succeeding  Aveek. 

The  development  of  infection,  even  if  it  Avent  on  to  suppuration,  did  not 
accelerate  the  process  of  organization  of  the  hemothorax  to  any  appreciable 
deoTee.  There  aaixs  also  no  eAudence  that  the  union  betAA^een  the  peel  and  the 

to 

underlying  pleura  Avas  any  firmer  Avhen  infection  Avas  present. 

The  most  prominent  feature  of  the  intrapleural  mass  was  that  it  AA^as 
alAvays  relatiA^ely  or  absolutely  solid,  because  of  the  fibrin  component.  It  Avas 
usually  thickest  in  the  basal  thoracic  gutter  posteriorly.  The  distribution  of 
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Fkujue  7G. — Pliotoiiiicroiiraph  showiii;^’  section  of  i)eel  of 
clotted  lieinotliorax  4  \Yeeks  after  \YOunding.  ^Membrane  lias 
assumed  a  detinitely  fibrous  character.  Capillaries  are 
Yisilile  at  their  point  of  entrance  from  Yisceral  pleura  (lower 
left  of  section).  HematoxyUn  and  eosin  stain.  (X  100) 


the  fibrin  thus  followed  the  natural  principles  of  oravity  as  they  would  operate 
in  any  recumbent  subject  Avith  an  accumulation  of  fluid  in  the  pleura. 

In  the  typical  organizing  hemothorax,  the  mass  Avas  made  up  of  three 
layers  (fig.  79)  : 

1.  The  outer  layer  ayps  a  tough  organized  membrane  (rind,  peel),  the 
thickness  of  Avhicli  Avas  related  to  the  length  of  time  that  had  elapsed  since 
Avounding.  At  the  end  of  4  or  5  AveelvS,  the  rind  aauis  usually  from  2  to  4  mm. 
thick.  Later,  it  might  be  from  5  to  8  mm.  thick,  or  even  thicker.  If  the  mass 
Avas  composed  of  solid  fibrin,  the  rind  Avas  ahvays  very  thick. 

This  rind  completely  surrounded  the  original  hemothorax  and  Avas  inti¬ 
mately  attached  to  the  Ausceral  and  parietal  surfaces  of  the  pleura,  though 
usually,  in  spite  of  the  intimacy  of  the  adhesions,  it  could  be  separated  Avithout 
difficulty  from  the  A^isceral  pleura,  at  least  in  early  stages  of  the  process.  The 
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Eigttke  77.“l*li()t()niicrograi)li  sliowiiig  section  from  clotting 
hemotliorax.  Note  fusion  between  dense  layer  of  collagenous 
connective^  tissue  and  subjacent  pleura  and  lung  (lung  is  to 
left ) . 

find  ^Yas  resistant,  did  not  tear  readily,  and  had  tlie  gross  appearance  of  fibrous 
tissue. 

The  rind  usually  passed  directly  from  the  au  seer  at  to  the  parietal  pleura 
at  all  points  at  which  these  surfaces  met,  but  attenuated  projections  frequently 
extended  bejmnd  these  limits,  along  opposed  pleural  surfaces  or  into  the  inter¬ 
lobar  fissures.  The  costophrenic  gutter  Avas  almost  consistently  obliterated 
b}^  tlie  eleAuited  diaphiugm  and  Avas  sealed  oh  by  the  reflection  of  the  peel. 
Beyond  these  points  of  symphysis,  it  AA'as  often  surprising  to  find  only  a  thin 
layer  of  filmy  pleural  adhesions.  At  a  greater  distance,  entirely  free  pleural 
space  might  be  encountered. 

2.  The  middle  layer  of  the  chronic  traumatic  hemothorax  AA’as  a  soft,  unor¬ 
ganized  mass,  AAuth  the  consistency  of  fibrin.  It  differed  from  patient  to  patient 
in  gross  appearance,  chiefly  because  of  differences  in  color.  Sometimes,  it  Avas 
almost  AAdiite.  Sometimes,  it  aauas  the  color  of  mahogaiiA^  Sometimes,  it  Avas 
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Figure  78. — Photoinicrograpli  of  section  through  ineinhrane,  pleura,  and 
lung  (lung  is  at  lower  margin)  in  posttraumatic  empyema  12  weeks  after 
wounding.  Note  cellular  intimacy.  No  line  of  demarcation  can  be  seen, 
and  surgically  no  line  of  cleavage  could  be  established.  This  patient's 
chance  for  decortication  was  forfeited  l)y  delay  in  resorting  to  it.  Van 
Giesoirs  stain.  (X  100) 

defiiiitelv  bloody.  A  certain  amount  of  marbling  was  not  uncommon,  but  it 
was  more  frequent  to  find  the  middle  layer  the  same  color  throughout.  Differ¬ 
ences  in  color  seemed  to  depend  upon  the  relative  proportions  of  blood  and 
plasma  in  the  mass  or  upon  the  amount  of  xdeural  effusion  or  pleural  exudate 
that  had  originally  accumulated  and  that  had  been  modified  by  whatever 
degenerative  changes  might  have  occurred  with  the  passage  of  time. 

3.  The  third  layer  (center)  of  the  intrapleural  mass  Avas  typically  lobu- 
lated  (fig.  79).  It  might  consist  of  a  single  large  space  or  of  a  network  of 
spaces.  Sometimes,  it  Avas  a  musliA'  core  from  Avhose  interstices  fluid  could  be 
squeezed.  The  fluid  looked  like  Avhat  it  was,  sujieriiatant  fluid  from  a  mass  of 
retracting  fibrin.  It  Availed  in  color  from  yelloAv  to  red,  broAvn,  or  mahogany. 

The  formation  of  the  central  fluid-filled  space  or  spaces  Avas  clearly  the 
result  of  retraction  of  the  original  clot.  In  fact,  the  Avhole  pathologic  process 
in  organizing  hemothorax  did  not  seem  to  differ  in  any  important  Avay  from  the 
Avell-knoAAm  process  of  organization  in  intravascular  thrombi. 

Tlie  foregoing  description  bears  out  Avhat  has  already  been  said  (p).  238), 
that  tlie  term  ‘‘organizing  hemothorax''  or  “chronic  traumatic  hemothorax’’ 
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Eiguke  79. — Cross-sectional  diagram  showing  pathologic  process  in  clotting,  orga¬ 
nizing  lieinotliorax.  Membranons  peel  (rind),  essentially  a  tibrinofibrous  envelope,  is 
shown  investing  visceral  and  parietal  pleurae.  In  center  is  lociilated  purulent  material. 
Loculation  explains  why  in  many  infected  hemothoraces  infection  could  not  be  diagnosed 
by  thoracentesis,  because  aspirating  needle  did  not  reach  center  of  i)rocess,  which  was 
recognized  only  at  operation. 

carried  no  implication  of  tlie  origin  or  gross  appearance  of  the  intrapleural 
mass.  The  nomenclature  suggests  that  the  mass  might  be  the  result  of  the 
presence  of  clotted  blood  alone,  as  in  some  instances  it  was.  The  gamut  was 
run,  howeA’er,  from  vsuch  cases  through  (1)  those  in  which  a  considerable  portion 
of  blood  was  still  present  but  in  which  there  were  also  present  increments  of 
Avhite  clot  (that  is,  plasma,  fibrinous  pleural  effusion,  or  fibrinous  exudate)  to 
(2)  those  in  which  the  entire  mass  seemed  to  consist  of  Avhite  clot.  The  varia¬ 
tions  seemed  due  not  so  much  to  the  amount  of  whole  blood  originally  spilled 
into  the  pleura  as  to  the  pleural  response  to  its  presence. 

Histopathology 

Histologic  examination  of  sections  from  an  organizing  hemothorax  con¬ 
firmed  the  gross  observations  (hgs.  74-78  and  80-85).  As  already  pointed  out, 
as  early  as  7  to  1.0  days  after  wounding,  there  was  microscopic  evidence  of 
fibroblastic  and  angioblastic  proliferation  from  the  pleural  surfaces  to  the  clot. 
The  peel  or  rind  thus  formed  increased  progressi\'ely  in  thickness  as  the  fibro¬ 
blastic  invasion  continued. 
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Fiouke  80. — l*liotoiiiuT()grai)li  sliowhig  layer  of  fibrin  8 
mill,  tliiek  ronioverl  from  visceral  pleura  in  uninfecftMl  clotted 
lieniothorax  11  days  after  wounding-.  Note  beginning  orga¬ 
nization  ill  portion  immediately  adjacent  to  pleura  (on  left). 

Witliin  ?>  or  4  weeks  after  woinidino-^  adult  fibrous  tissue  was  deinoustrable 
ill  the  outer  layer  of  the  orgauiziuo*  hemothorax.  The  fibers  and  nuclei  were 
arranged  roughly  parallel  to  the  surface.  The  long  axes  of  the  capillaries  were 
at  right  angles  to  the  surface,  and  the  capillaries  were  continuous  through  the 
pleura. 

Within  4  to  7  At^eeks  after  AAxiunding,  small  arterioles,  At  itli  smooth  muscle 
fibers  in  their  Avails,  could  be  demonstrated  at  or  near  the  outer  surface  of  the 
2ieeh  Active  fibroplasia  continued  along  the  inner  (younger)  surface,  Avith 
resulting  increases  in  the  thickness  of  the  rind.  In  some  instances,  hiA^ers  of 
fat  cells  developed  in  the  peel  along  the  outer  surface.  It  Avas  speculated,  but 
iieA'er  proA^ed,  that  this  phenomenon  might  possibly  represent  a  regressiA^e  proc¬ 
ess,  heralding  eventual  degeneration  and  absorption  of  the  peel.  For  reasons 
not  clear,  the  membrane  Avas  ahvays  thicker,  more  Avascular,  and  more  adherent 
on  the  parietal  than  on  the  Ausceral  pleura. 
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Figure  82. — Photomicrograph  showing  calcium  deposition  in  collage¬ 
nous  connective  tissue  layer  of  exudate  on  visceral  pleura  in  organizing 
hemothorax. 


^lieroHcopically.  tlie  rind  in  lieinotlioracic  enip\'enia  could  not  be  dift'eren- 
tiated  from  tlie  rind  in  organizing  liemotliorax  without  infection.  The  only 
evidence  of  inflammation  seen  under  the  microscope  was  obser\'ed  on  the  inner 
surface  of  the  I’ind,  along  which  fibrin  or  blood  clot  was  in  process  of  organiza¬ 
tion.  It  was  limited  to  infiltration  by  varying  numbers  of  polymorphonuclear 
leukocytes  (fig.  85). 

The  second  (middle)  layer  appeared  on  microscopic  examination  to  be 
merely  a  mass  of  fibrin  with  scattered,  formed  blood  elements  trapped  in  its 
meshes. 

Pulmonary  Effects  of  Organizing  Hemothorax 

When  the  process  of  organization  was  complete,  a  dense  fibrous  membrane 
encased  some  portions  of  the  lung,  or  the  whole  lung,  thus  limiting  its  mobility 
and  preventing  its  complete  expansion.  A  contraction  of  the  hemithorax  was 
sometimes  present  also.  Even  in  the  early  stages  of  an  organizing  hemothorax, 
it  was  easy  to  see  that  the  tough,  resistant,  inelastic  rind  that  invested  the  vis¬ 
ceral  pleura  etfectively  prevented  pulmonary  reexi)ansion.  If  the  process  were 
not  terminated  by  surgical  measures,  fibrosis  increased,  and  the  rind  and  the 
pleura  became  intimately  adherent.  As  time  passed,  tough  scar  tissue  extended 
through  the  pleura  into  the  interstitial  pulmonary  tissue.  The  deo-ree  of  cel- 
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Fk;uke  S3. — Pliotomicrograpli  showing  biopsied  section  of 
lung  and  pleura  after  removal  of  overlying  exudate.  Note 
that  pleura  retains  most  of  its  normal  characteristics. 


lular  intimacy  made  it  difficult,  and  sometimes  impossible,  to  develop  a  cleavage 
plane  at  operation,  particnlary  if  the  pleura  had  been  denuded  or  the  lung 
wounded.  In  such  cases,  the  results  of  surgery  Avere  not  lilvely  to  be  good : 
Tlte  lung,  CA^en  Avhen  liberated  by  the  procedure  of  decortication,  could  not 
expand  because  the  fibrotic  process  had  extended  to  it.  When  complete  pul¬ 
monary  reexpansion  Avas  impossible,  the  stage  set  for  the  development  of 
infection. 

When  the  intrapleural  mass  Avas  remoATxl,  it  Avas  frequently  eAudent  that 
the  lung  had  not  only  been  compressed  by  the  intrapleural  accumulation  but 
had  also  been  greatly  displaced  and  had  sometimes  been  infolded  also  (p.  183). 


Resolution 

MassiA^e  organizing  hemothorax  not  treated  by  surgery  could  terminate  in 
tAA^o  Avays:  (1)  by  the  formation  of  a  fibrothorax  or  pleural  calcification  (fig. 
82)  or  (2)  by  the  deA^elopment  of  a  suppuratiA^e  process.  Spontaneous  resorp¬ 
tion  of  small  and  even  moderate  amounts  of  accumulated  clotted  blood  or  small 
amounts  of  fibrin  Avas  conceivable.  If  resorption  of  larger  amounts  occurred, 
Avhich  Avas  not  usual,  recognizable  sequelae  AA^ere  almost  inevitable. 

The  rapidity  and  extent  of  clearance  in  any  given  hemothorax  Avere  im¬ 
possible  to  predict.  In  some  cases  in  Avhich  the  initial  obseiwations  gaA^e 
promise  of  complete  and  prompt  resolution,  the  process  might  suddenly  become 
static,  usually  about  the  fourth  Aveek.  Perhaps  the  chief  reason  for  tlie  dis- 
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Figuke  <S4,— Pliotomicroiiraidi  showing*  replncenieiit  of 
fibrinous  oxndnte,  pknira,  and  adjacent  lung*  (lung-  is  at 
extreme  left)  by  collagenous  connective  tissue  in  organizing- 
hemothorax. 

cussion  concerniiig- the  optimum  timing  of  decortication  (p.  286),  Avliich  contin¬ 
ued  til  roll  0*1  lout  tlie  Avar,  ivas  the  lack  of  agreement  concerning  the  possibilities 
of  resolution  in  an  organizing  hemothorax.  The  exact  size  and  type  of  an 
intraiileural  mass  in  ivliich  spontaneous  resolution,  might  be  expected  were 
never  agreed  upon,  nor  was  the  length  of  time  in  which  expectant  treatment 
should  be  practiced,  (tenerally  speaking,  cavities  involving  less  than  50  per¬ 
cent  of  the  jileural  space  or  less  than  500  cc.  in  volume  usually  cleared  spon¬ 
taneously  over  a  6-week  period,  but  this  was  a  generalization  to  which  there 
were  multiple  exceptions.  No  doubt,  the  most  iniiiortant  consideration  was 
the  thickness  of  the  intrapleural  mass.  It  was  repeatedly  observed  that  roent¬ 
genologic  clearing  was  confined  to  the  inner  portions  of  the  clot.  The  thickest 
areas,  notably  the  portion  in  the  posterior  thoracic  gutter,  were  still  clearly 
demonstrable  on  roentgenograms  after  almost  complete  clearing  of  other  areas 
had  occurred. 
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Figukk  85. — Pliotomierograpli  showing  infected  organizing  hemothorax  with 
bacteria  {Stciphylococcm  hemolyticus  on  culture)  deep  in  unorganized  portion 
of  fibrin  and  growing  in  masses  in  its  meshes.  Note  conspicuous  absence  of 
leukocytes. 


BACTERIOLOGY  OF  ORGANIZING  HEMOTHORAX 

Hemotlioraces  represent  the  largest  hematomas  Arith  AA^hich  the  body  must 
deal.  They  are  usually  far  too  large  to  A^ascularize  rapidly,  AAdiich  probabl}^ 
accounts  for  their  tendency  to  infection,  particularly  AAdien  they  are  of  the  clot¬ 
ted  type.  This  tendency  Avas  one  of  the  many  reasons  AAdiy  it  Avas  important 
that  thoracentesis  be  performed  promptly  and  repeated  as  necessary. 

All  types  of  bacteria  Avere  isolated  from  hemotboraces,  including  a  sur¬ 
prisingly  large  proportion  of  anaerobic  streptococci  and  staphylococci.  Bac- 
teriologic  findings  in  24  cases  of  hemothoracic  empyema  are  sIioaaui  in  the 
folloAAung  tabulation: 

Nu))il)cr 

Bacteria  of  cases 

Proteolytic  and  saccharolytic  Clostridia -  2 

MlcrocoGcns  teiraoenus -  2 

Hemolytic  Sfaphylococcus  aureus - 1 

Hemolytic  Staphylococcus  aureus,  proteolytic  Clostridium -  1 
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Bacteria  of  cases 

Ileniolyt  ie  Bf((i)ln/if)C(a-ciis  a  arcus,  hemolytic  BtrcfBovoccux,  rscudoiuoaas  acrutii- 

nosa _  1 

Hemolytic  Staphylococcus  aureus,  Escherichia  coli,  Acrohacter  aerogcncs,  nonhemo¬ 
lytic  Streptococcus _  1 

Streptococcus  virUlans _  1 

Hemolytic  Streptococcus- _  1 

Anaerobic  Streptococcus _  1 

Nonhemolytic  Streptococcus,  Pseudomonas  acruf/inosa _  1 

Streptococcus  viridans,  proteolytic  and  saccharolytic  Clostridia,  Bacillus  protcus _  1 

Proteolytic  Clostridium - -  1 

Escherichia  coll _  1 

Escherichia,  type  unidentified _  1 

Clostridium,  unclassified^— _  1 

Cultures  sterile _  6 

Pseudomonas  aeruginosa _  1 


Clostridial  infections,  which  were  not  nnmerous,  were  nearly  always  caused 
by  non-gas-f orming  bacteria.  Eemarkable  combinations  of  bacteria  were  found 
in  both  the  liquid  and  the  unclotted  hemothoraces.  In  the  order  of  frequency, 
the  olfending  organisms  were  strej)tococci,  clostridia,  staphylococci,  Esclier- 
icMa.  and  Pesudomonas.  Eegardless  of  the  bacteriology,  the  clinical  course 
was  essentially  the  same,  except  that  when  E seller khht  was  present,  the  illness 
Avas  usually  more  serious. 

In  some  cases,  bacteriologic  confirmation  aauis  lacking  in  spite  of  clear-cut 
signs  that  infection  had  occurred.  There  AA^ere  tAvo  explanations: 

o  i, 

1.  Bacteria  might  not  be  present  in  demonstrable  numbers  in  the  fluid 
portions  of  the  mass. 

2.  The  needle  might,  by  chance,  liaA^e  been  introduced  into  loculations  (fig. 
79)  in  AAliich  the  fluid  aa^s  still  uninfected.  If  this  Avas  the  explanation  and 
infection  had  actually  occurred,  repeated  efforts  to  find  organisms  AA'Ould  eAnn- 
tually  be  successful  as  the  infection  spread  to  the  entire  mass  or  as  more 
reAvarding  sites  AAnre  selected  for  aspiration. 

In  some  patients,  for  AAdiom  no  explanation  aauis  forthcoming,  signs  of 
sepsis  Avere  clear  cut  and  organisms  AAnre  found  in  fluid  aspirated  from  the 
chest,  but  there  Avas  Aurtually  no  leukocytic  response  (fig.  85).  In  this  group 
of  cases,  the  fluid  aauxs  thin  and  practically  Avithout  sediment,  eynn  AAlien 
organisms  AAnre  present  in  laig'e  numbers. 

In  some  cases,  suppuration,  as  eAudenced  by  purulent  material  on  aspira¬ 
tion,  did  not  manifest  itself  for  4  to  G  Aveeks.  In  a  considerable  number  of 
these  cases,  it  had  been  thought  that  resolution  aaus  occurring.  The  factor  (or 
factors)  Avhich  determined  Avhich  cases  AAU)uld  go  on  to  prom])t  suppuration 
and  in  Avhieh  su})puration  AAUYuld  l)e  delayed  or  Avould  not  be  e\  ident  at  all  Avas 
never  clearly  demonstrated.  Whatever  the  factor  (factors)  might  be,  the 
explanation  Avas  2:)robably  the  balance  or  imbalance  betAveen  (1)  the  rapidity 
and  extent  of  the  clotting  that  trapped  the  infecting  bacteria  in  the  fibrous  mass 
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and  kept  them  from  contact  Avitli  the  pleura  and  (2)  the  ability  of  the  pleura  to 
control  or  eliminate  the  bacteria  that  were  originally  in  contact  with  it.  If  the 
organisms  in  an  infected  hemothorax  were  virulent  and  if  seeding  was  heavy 
and  early,  a  suppurative  pleuritis  Avas  likely  to  occur  promptly.  Both  the 
liquid  and  the  clotted  contents  of  the  intrapleural  space  Avould  be  iiiA^oh^ed  in 
the  pathologic  process.  If,  however,  for  one  reason  or  another,  the  contami¬ 
nating  bacteria  did  not  gain  the  ascendancy  and  instead  became  entrapped 
within  the  clotted  intrapleural  mass,  then  the  mechanism  of  a  delayed  or  latent 
infection  Avas  set  up. 

PHYSIOPATHOLOGY  OF  HEMOTHORAX 

The  bony  thorax  imposes  definite  limitations  on  the  size  of  the  thoracic 
cavity.  This  means  that  any  space-occupying  medium  can  seriously  disrupt 
the  normal  function  of  the  heart  and  the  lungs.  From  this  point  of  auoaa^, 
pneumothorax  and  hemothorax  produced  almost  identical  physiopathologic 
results.  By  impeding  cardiac  return  and  pulmonary  expansion,  they  tended 
not  onl}^  to  reduce  the  volume  of  circulating  blood  but  also  to  decrease  the  de¬ 
gree  of  oxygen  saturation.  The  response  Avas  an  increased  cardiac  and  respira¬ 
tory  rate,  both  of  Avhich  AA^ere  almost  iiiA’^ariably  obseiwed  in  any  severe  thoracic 
injury.  The  pain  caused  by  damage  to  the  thoracic  cage  and  the  voluntary 
restriction  of  motion  to  minimize  the  discomfort  further  added  to  the  physio¬ 
logic  disturbaaices  because  the  respiration  Avas  rapid  and  shalloAv  and  the  pulse 
Avas  fast.  For  these  A-arious  reasons,  it  Avas  necessary  to  empty  the  chest  of 
blood  and  air  as  rapidly  as  possible. 

CLINICAL  PICTURE  AND  DIAGNOSIS 

Simple  hemothorax. — The  diagnosis  of  simple  hemothorax  almost  never 
offered  any  difficulty.  The  history  of  Avounding  Avas  clear  cut.  Hemothorax 
Avas  knoAAUT.  to  be  the  most  frequent  complication  of  thoracic  Avounds.  Finally, 
the  pleural  contents  Avere  readily  aspirable.  At  first,  the  fluid  Avas  blood  or 
bloody.  Later,  if  resolution  began  to  occur,  the  blood  disappeared  and  the  fluid 
became  serous,  as  Avell  as  scantier,  on  successive  aspirations. 

Roentgenologic  examination  revealed  intrapleural  obscuration  consistent 
Avith  the  presence  of  fluid  (fig.  86).  The  lung  margin  Avas  characteristically 
distinct  and  scalloped.  This  finding  Avas  particularly  suggestive  if  the  lateral 
AueAv  reA-ealed  the  process  localized  to  the  posterior  half  of  the  iiwolved 
hemithorax. 

Organizing  hemothorax. — ^The  diagnosis  of  organizing  hemothorax  Avas 
not  ahvays  so  simple.  In  the  early  stages,  Avhen  clotting  had  occurred  but 
fluid  could  still  be  obtained,  it  Avas  sometimes  impossible  to  distinguish  the 
condition  from  a  simple  hemothorax.  Later,  it  might  be  necessary  to  insert 


Figure  86. — Spontaneous  resolution  of  clotted  liemotliorax,  A.  Posteroanterior 
roentgenogram  sliowing  clotted  liemotliorax  on  riglit.  B.  Same,  sllo^Ying'  spontaneous 
resolution  after  G  weeks. 


Figure  8T. — Posteroanterior  roentgenogram  sliowing 
right  clotted  hemothorax.  Note  that  border  of  par¬ 
tially  collapsed  lung  is  still  fairly  distinct.  In  liquid 
hemothoraces,  borders  of  collection  of  blood  were  usu¬ 
ally  seen  only  as  diffuse  haze. 
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Eiguee  8S. — Lateral  roentgenogTam  showing  clotted 
liemothorax  over  right  lower  and  middle  lobes.  The 
sharp  superior  border  seen  in  this  view  and  not  seen 
in  posteroanterior  roentgenograms  came  to  be  recog¬ 
nized  as  typical  of  clotted  hemothorax. 

tlie  iieedle  into  many  different  areas  of  the  chest  to  obtain  any  fluid.  The 
as^^irated  material  consisted  of  only  small  amounts  of  serum,  which  contained 
fragments  of  clot  and  flbrin  threads.  Efforts  at  drainage  by  insertion  of  an 
intercostal  water-seal  catheter  were  practically  always  unsuccessful. 

If  organization  had  gone  on  to  fibrosis,  the  clinical  picture  was  distinctive. 
A  patient  Avith  flbrothorax  was  likely  to  shoAv  an  overall  contracture  of  the 
affected  hemithorax:  narrowing  of  the  intercostal  spaces;  elevation  and  more 
or  less  immobility^  of  the  leaf  of  the  diaphragm  on  the  affected  side;  often 
considerable  limitation  of  moATinent  of  the  chest  wall;  and,  not  infrequently, 
an  associated  atrophy  of  the  extracostal  musculature,  no  doubt  as  the  result 
of  disuse. 

Roentgenologic  examination  in  organizing  hemothorax  (figs.  8T  and  88) 
reATaled  a  dense  opacity  corresponding  to  the  area  of  the  original  hemothorax. 
Resorption  and  consequent  improvement  in  the  roentgenologic  appearance 
(figs.  89  and  90)  was  observed  in  a  feAV  cases  that  had  reached  this  stage,  but, 
as  a  rule,  narroAving  of  the  interspaces,  as  well  as  contracture  and  relatiA^e 
immobility  of  the  chest  Avail,  Avas  likely  to  remain  unaltered. 

Hemothoracic  empyema.— The  clinical  picture  of  hemothoracic  empyema 
Avas  that  of  typical  empyema  modified  by  the  special  considerations  introduced 
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FicuKE  SO. — ('lotted  liomotliorax  with  si>oiit;meoixs  cleariiii;-.  A.  Po.steroaiiterior 
roentgenogram  showing  clotted  hemothorax  2  weeks  after  wounding.  B.  Same,  1 
month  later.  Chest  has  almost  completely  cleared  by  natural  processes.  Neither 
thoracentesis  nor  surgery  was  used. 


by  tile  chest  woimcL  Fever  'was  usually  high,  and  the  patient  Avas  likely  to 
become  more  toxic  than  he  had  been.  There  might  be  an  associated  pneumonitis 
Avitli  producth^e  cough. 

The  sudden  spillage  of  purulent  pleural  fluids  in  large  amounts  into  the 
bronchial  tree  made  the  diagnosis  of  empyema  with  bronchopleural  fistula 
simple.  If  there  was  leakage  of  only  a  small  amount,  the  diagnosis  Avas  more 
difficult.  The  finding  of  a  fluid  level,  otliei'Avise  unexplained,  on  the  roentgeno¬ 
gram  Avas  almost  certain  evidence  of  a  fistula. 

The  diagnosis  of  empyema  Avas  confirmed  by  the  aspiration  of  fluid  that 
Avas  cliocolat e  broAvn,  foul  smelling,  oi*  frankly  purulent.  In  some  cases,  as  just 
noted  (p.  262),  infection  had  been  present  for  some  time  before  purulent  fluid 
appeared. 

The  degree  of  mediastinal  immobility  present  in  any  giA^en  case  depended 
upon  the  degree  of  organization  that  had  occurred  in  the  preexisting  hemo¬ 
thorax.  It  Avas  therefore  roughly  proportional  to  tlie  length  of  time  that  had 
elapsed  since  injury  rather  than  to  the  duration  of  the  infection  or  the  thickness 
of  the  purulent  exudate. 

Differential  diagnosis. — Large  extra  costal  or  intrapulmonary  hematomas, 
as  Avell  as  lobular  or  lobar  atelectasis  folloAving  bronchial  obstruction,  Avere 
usually  readily  distinguished  from  chronic  traumatic  hemothorax.  Pneumonia 
Avas  also  readily  distinguished.  Infolded  lung  sometimes  oflered  special  dif¬ 
ficulties  (p,  186). 
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Figure  90. — Clotted  liemotliorax  with  spontaneous  clearing.  A.  Posteroanterior 
roentgenogram  showing  right-sided  massive  clotted  hemothorax,  without  infection, 
2  days  after  wounding.  B.  Same,  3  weeks  later.  Complete  spontaneous  clearing 
occurred  later  in  this  case,  in  which  evidences  of  resorption  of  fluid  were  noted  from 
beginning. 


MANAGEMENT  OF  SIMPLE  HEMOTHORAX 
Rationale  of  Thoracentesis 

Thoracentesis  was  part  of  the  routine  of  resuscitation  for  four  reasons,  all 
coucernecl  with  the  restoration  of  normal  cardiorespiratoiy  physiology : 

1.  To  relieve  high  intrapleural  pressure. 

2,  To  permit  increased  aeration  of  the  pulmonary  parenchyma  and  thus 
encourage  prompt  reexpansiou  of  the  lung. 

B.  To  correct  shock  by  relieving  the  liypoxia  that  was  helping  to  cause  it. 

f .  To  relieve  the  shift  of  the  heart  and  mediastinum  and  thus  both  improve 
the  venous  return  to  the  lieart  and  increase  tlie  volume  flow  of  blood  (fig.  91). 

There  were  three  additional  reasons  for  continuing  thoracentesis  after  re¬ 
suscitation  as  part  of  tlie  management  of  simple  hemothorax  in  forward 
hospitals : 

1 .  To  decrease  the  possibility  of  later  clotting. 

2.  To  encourage  apposition  of  the  lung  and  the  thoracic  wall  and  thus  limit 
the  extent  of  infection  if  hemothoracic  empyema  should  develop. 

3.  To  prevent  late  fixation  and  contraction  of  the  chest. 

Failure  to  carry  out  aspiration  of  a  simple  hemothorax  in  forward  hospitals 
often  presented  surgeons  working  in  rear  areas  with  complicated  problems  of 
organizing  hemothorax  and  hemothoracic  empyema,  problems  which  could  be 
solved  only  by  radical  surgery.  The  management  of  empyema  was  the  responsi- 
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bility  of  surgeons  in  base  hospitals  and  hospital  centers,  but  its  prevention  Avas 
usually  the  responsibility  of  surgeons  in  forward  hospitals. 

A4ry  early  in  tlie  Avar,  the  practice  of  air  replacement  after  thoracentesis 
was  condemned,  and  all  the  attention  Avas  devoted  to  the  policy  of  early,  vigor¬ 
ous  aspiration.  Certain  objections  to  thoracentesis  that  had  been  advanced 
before  the  Avar  proA^ed  entirely  theoretical : 

1.  The  military  experience  shoAAed  that  tliere  Avas  no  risk  of  causing 
renewed  bleeding  by  thoracentesis;  no  case  is  on  record  in  AAdiich  this  happened. 
Tliis  might  IniA'c  been  expected.  Tlie  tAvo  chief  sources  of  hemorrhage  in  chest 
Avounds  Avere  extrapulmonary  (from  the  chest  Avail  or  the  mediastinum)  and 
pulmonary.  The  existence  of  a  hemothorax,  hoAveA^er,  had  no  etTect  on  extra- 
pulinonaiT  bleeding,  Avhile  the  reason  that  pTihnonary  bleeding  usually  ceased 
spontaneously  Avas  not  the  effect  of  the  hemothorax  but  the  loAvered  pressure  in 
the  pulmonary  artery  and  its  branches  (p.  153).  Many  more  errors  Avere  made 
in  World  War  II  by  not  aspirating  the  chest  than  by  aspirating  it  and  taking 
the  remote  and  theoretical  risk  of  recurrent  hemorrhage. 

Only  one  case  is  on  record  in  the  Mediterranean  theater  in  Avhicli  there 
seemed  to  be  anj  connection  at  all  betAveeii  aspiration  of  a  hemothorax  and 
secondary  liemorrhage,  and,  in  this  case,  the  relation  Avas  entirely  on  a  post- 
hoc-ergo-propter-hoc  basis.  Intrapleural  bleeding  occurred  10  days  after 
closure  of  a  sucking  Avound  of  the  chest,  after  2,850  cc.  of  bloody  fluid  had  been 
aspirated  over  a  o-day  period.  Just  as  preparations  Avere  being  made  for  ex¬ 
ploratory  tlioracotomy  to  determine  the  source  of  the  bleeding,  the  hemorrhage 
ceased  as  abruptly  as  it  had  begun,  and  recoA^ery  thereafter  Avas  entirely 
uneventful. 

2.  The  risk  of  infection  after  a  properly  performed  thoracentesis  proA'ed 
negligible. 

3.  The  concept  that  only  small  amounts  of  fluid  could  be  removed  at  one 
time  proA^ed  completely  falsa  Withdrawal  of  1,000  to  1,500  cc.  at  one  sitting 
usually  caused  no  symptoms  but,  instead,  produced  relief  of  syinj)toms.  Oc¬ 
casional  patients  complained  of  a  tight  feeling,  pain  in  the  chest,  dyspnea,  or 
dizziness  after  large  amounts  had  been  AvithdraAvn,  but  these  symptoms  dis¬ 
appeared  as  soon  as  aspiration  Avas  discontinued  and  seldom  recurred  AAdien 
the  procedure  Avas  resumed  21  hours  later. 

If  hemorrhage  continued  or  recurred  (fig.  92),  tlioracotomy  Avas  indicated. 
Eeaccuinulation  of  1,000  to  1,500  cc.  of  blood  Avithin  a  short  period  after  the 
first  aspiration  of  the  chest  Avas  likely  to  be  associated  Avith  failure  to  main¬ 
tain  a  satisfactory  blood  pressure  and  Avitli  a  falling  hematocrit.  In  these 
circumstances,  simple  aspiration  coidd  not  be  expected  to  be  effective. 

Technique  of  Thoracentesis 

Since  the  purpose  of  the  first  aspirations  of  the  chest  Avas  to  relieve  pres¬ 
sure  and  to  aid  in  the  restoration  of  normal  cardiorespiratory  physiology,  it 
Avas  not  necessary  to  empty  tlie  chest  completely.  At  the  end  of  18  or  72  hours, 
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Fig  THE  1)2— Schematic  sliowinn-  of  riaairrcnt  hemothorax  after 
thoracentesis. 

aspiration  was  carried  out  at  least  once  daily,  in  order  to  empty  the  pleural 
cavity  as  rapidly  and  as  completely  as  possible.  If  thoracentesis  had  been 
instituted  as  soon  as  the  casualty  was  seen,  not  more  than  three  to  five  daily 
aspirations  were  usually  necessary. 

The  patient  was  transferred  to  the  base  as  soon  as  he  was  fever  free  and 
the  chest  had  been  completely  or  almost  completely  emptied.  If  he  was  received 
in  a  fixed  hospital  with  clinical  or  roento’enolog-ic  signs  of  fluid,  aspiration  was 
resumed  and  was  continued  until  the  chest  was  empty  or  until  it  was  clear  that 
other  measures  would  be  necessary. 

A  single  negative  aspiration  was  not  accepted  as  conclusive.  Often  three 
or  four  punctures  had  to  be  made  before  a  loculated  pocket  was  found.  If 
several  punctures  produced  no  results,  another  surgeon  attempted  aspiration  the 
next  day.  The  effort  was  not  abandoned  in  any  case  in  which  there  was  roent¬ 
genologic  evidence  of  fluid  or  a  suggestive  pleural  shadow  until  repeated  at¬ 
tempts  to  locate  and  remove  the  fluid  had  been  made.  The  fact  that  blood  had 
clotted  (fig,  93)  did  not  necessarily  interfere  with  its  aspiration. 

Results  of  Thoracentesis 

I,  he  results  of  early,  vigorous  thoracentesis  in  hemothorax  were  excellent 
from  the  beginning.  If  this  was  tlie  chief  or  the  only  complication  of  a  thoracic 
wound,  the  great  majority  of  casualties  who  were  treated  by  this  method  could 
be  returned  to  duty  within  6  to  8  weeks  after  Avounding. 
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Figure  93. — Schematic  showing  of  massive  clotted  hemothorax. 

Aspiration  of  blood  is  still  possible  when  process  of  organization  is 
still  incomplete,  but  when  physical  signs  and  roentgenologic  findings 
point  to  a  large  accumulation  of  intrapleural  fluid  and  only  small 
amounts  of  blood  can  be  aspirated,  further  attempts  at  evacuating 
chest  are  unlikely  to  be  successful.  If  patient  is  dyspneic  or  shows 
signs  of  early  infection,  thoracotomy  and  evacuation  of  clots  must 
be  undertaken  promptly.  Usually,  however,  it  is  safe  to  wait  for 
surgery  (decortication)  at  the  base. 

Results  improved  as  time  passed.  In  August  1943,  it  was  estimated  that 
al)()ut  6  perceut  of  casualties  with  uninfected  hemotliorax  observed  at  the  chest 
center  at  the  21st  General  TTospital,  located  near  Naples,  required  decortication. 
By  the  end  of  the  war,  the  only  casualties  in  this  group  who  required  decortica¬ 
tion  were  tliose  in  whom  massive  clotting  had  begun  shortly  after  wounding. 
At  this  time,  the  operation  Avas  chiefly  used  in  complicated  cases  of  hemothorax 
and  in  hemothoracic  empyema.  The  most  reasonable  explanation  of  the  im¬ 
provement  Avas  the  excellent  treatment  of  hemothorax  in  forAvard  areas,  in¬ 
cluding  prompt,  vigorous  thoi*acentesis;  measures  to  promote  early  pulmonary 
reexpansion;  and  a  material  reduction  in  the  number  of  thoracotomies  per¬ 
formed  at  initial  Avound  surgery  for  the  evacuation  of  hemothoraces. 

While  a  hemothorax  could  become  infected  and  empyema  could  develop 
early  enough  to  require  treatment  in  an  evacuation  hospital  or  even,  occasion¬ 
ally,  in  a  field  hospital,  these  complications  did  not  usually  ensue  until  the 
patient  had  reached  the  base  section.  Both  complications  are  therefore 
discussed  elsewhere  (p.  275) . 
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CLINICAL  PICTURE  AND  DIAGNOSIS  OF  HEMOTHORACIC 

EMPYEMA 

I-Ieiiiotlioraces,  as  already  pointed  out,  represented  the  laro-est  hematomas 
with  which  the  body  had  to  deal  in  combat-incurred  wounds.  The  fact  that 
they  were  far  too  larg-e  to  vascularize  rapidly  might  very  well  have  played  a 
part  in  tlieir  pronounced  tendency  to  infection. 

When  infection  supeiaened  in  eitlier  the  lirpiid  or  the  clotted  variety  of 
hemothorax,  it  Avas  not  always  easy  to  make  a  distinction  between  infected  hemo¬ 
thorax  and  hemothoracic  em])yema.  The  precise  difl'erentiation  depended  on 
changes  in  the  visible  characteristics  of  tlie  pleural  fluid.  These  changes  did  not 
always  occur  immediately  (p.  266).  The  infection  was  classilied  as  hemo¬ 
thoracic  empyema  as  soon  as  gross  pus  or  purulent  exudate  was  observed  in  the 
aspirated  material. 

There  were  distinct  diiferences  betAveen  the  hemothoracic  empyema  of  com¬ 
bat-incurred  Avounds  and  the  postpnenmonic  or  metapneumonic  Auiriety  of 
empyema.  In  the  1  atter  Aairiety,  t avo  features  AAnre  prom inen t : 

1.  Infection  of  the  pleural  space  aauis  initiated  upon  essentially  normal 
pleural  surfaces. 

2.  The  preexistent  pathologic  changes  Avere  in  the  luno*. 

Hemothoracic  emiAyema  had  the  folloAving  characteristics : 

1.  The  pleural  space  aacis  seldom  iiormal.  It  had  been  altered  in  ACArying 
degrees  by  the  fibrijious  deposit  that  resulted  from  the  pinsence  of  blood  in 
the  pleural  caA'ity.  Posttraiimatic  empyema  Avas  therefore  not  primarily  an 
infection  of  the  pleura  ])er  se  but  aii  infection  originating  in  pleural  dead  space 
occupied  by  a  hematoma  enclosed  in  a  fibrinous  capsule. 

The  antecedent  status  of  the  pleural  space  Avas  a  point  of  great  importance. 
Infection  developing  Avithiii  a  pleural  cavity  Avhich  has  not  been  the  site  of  a 
significant  hemothorax  is  ahvays  a  more  fa\'oral)le  ty])e  than  hemothoracic 
empyema.  Avhich  develops  in  a  preexisting  pleural  clot  or  a  neglected  liquid 
hemothorax.  In  the  former  type,  the  restraining  memlirane  or  peel  commonly 
observed  in  all  pleural  irritatiA'e  phenomena  dates  from  the  onset  of  the  infec¬ 
tion.  In  the  hemothoi’acic  type,  the  peel  antedates  the  clinical  evidence  of 
infection  and  may  lie  Avell  on  to  inaturity  before  t  reatment  is  started. 

2.  The  lung  Avas  collapsed  and  com])ressed  because  of  the  presence  of 
intrapleural  blood.  There  AAnre  no  changes  caused  by  disease  in  it,  and  by  the 
time  empyema  deAeloped,  healing  had  usually  occurred  in  any  pulmonary 
Avound.  It  Avas  repeatedly  oliserved  at  decortication  that  the  lung  had  returned 
to  normal,  as  evidenced  by  its  ability  to  expand,  cAnn  Avlien  it  had  sustained 
extensiA^e  lacerations  and  contusions.  There  had  been  time  for  this  recovery 
to  ensue.  When  empyema  developed  in  a  liquid  hemothorax,  the  average  time 
betAveen  Avounding  and  demonstration  of  pus  by  thoracentesis  or  at  operation 
Avas  15  days.  In  the  clotted  A'ariety  it  Avas  18  days. 
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3.  The  constrictive  pulmonary  investment — that  is,  the  rind  Avliich  enclosed 
the  hemotliorax — was  responsible  for  failure  of  the  lung  to  reexpand. 

4.  The  purulent  exudate  thickened  more  sIoavIv  in  the  hemothoracic  than 
in  the  postpneumonic  or  the  metapneumonic  variety  of  empyema. 

5.  Loculation  Avas  more  frequent  in  the  hemothoracic  Auiriety  of  empyema, 
and  total  empyema  occurred  more  readily. 

6.  EA^en  in  patients  Avith  extensix  e  hemothoracic  empyema  of  seA^eral  Aveeks’ 
duration,  there  Avas  no  reaction  in  the  costal  periosteum,  the  ribs  Avere  neA^er 
triangular,  and  the  fingers  Avere  neA^er  clubbed  as  in  the  variety  of  empyema  in 
Avliich  there  Avas  no  antecedent  trauma. 

All  of  the  circumstances  associated  Avith  a  combat  Avound  arc  faAmrable  for 
the  development  of  empyema.  They  include  the  Avound  itself  and  the  tissue 
destruction  that  accompanies  it;  the  contamination  introduced  by  the  missile 
and  the  debris  brought  into  the  Avonnds  Avith  it;  in  many  instances,  the  presence 
of  patliogenic  bacteria  ;  tissue  necrosis;  the  presence  of  an  intrathoracic  foreign 
body;  pneumothorax  or  hemothorax,  Avith  resulting  dead  space  in  the  pleural 
cavity;  and  the  ideal  culture  medium  furnished  by  a  clotted  or  an  organizing 
hemothorax.  Neither  chemothera})y  nor  antibiotic  therapy  could  in  themselves 
overcome  these  circumstances.  Only  good  surgery  could  meet  the  situation. 

EMPYEMA  IN  THE  WORLD  WARS 

There  Avas  a  Augorous  discussion  of  empyema  at  the  1946  meeting  of  the 
American  Association  for  Thoracic  Surgery  (d),  in  the  course  of  AAdiich  much 
emphasis  Avas  put  upon  the  differences  in  the  infections  of  the  pleural  cavity 
encountered  in  the  tAvo  World  Wars.  The  presentations  on  chronic  organizing 
hemothorax,  hemothoracic  empyema,  and  decortication  Avere  prepared  by  the 
thoracic  surgeons  Avho  liad  had  the  Avidest  experience  in  this  field  during  World 
War  II.  The  discussion  Avas  participated  in  not  only  by  these  surgeons  but 
also  by  a  lAumber  of  other  surgeons,  among  them  Dr.  Evarts  A.  Graham,  AAdio 
had  had  the  Avidest  experience  in  chest  trauma  and  postinfluenzal  empyema  in 
World  War  I. 

Graham  contended  that  no  comparison  Avas  possible  betAveen  the  empyemas 
of  World  War  I  and  World  War  II  because  there  Avas  no  similarity  betAveen 
them.  The  surgeons  of  World  War  I,  he  said,  Avere  called  upon  to  treat  empye¬ 
mas  Avhich  Avere,  in  the  Hippocratic  sense,  true  abscesses  of  the  pleural  cavity. 
The  empyemas  encountered  by  the  World  War  II  surgeons  AA^re  pleural  infec¬ 
tions  attenuated  by  drugs.  In  other  Avords,  the  World  War  II  surgeons  dealt 
Avitli  conditions  never  before  seen.  If  Hippocrates  could  listen  in  on  the  dis¬ 
cussion,  Graham  concluded,  he  Avoid d  not  knoAv  Avhat  the  World  War  II  surgeons 
Avere  talking  about. 

The  surgeons  of  World  War  II  naturally  took  issue  A\4tli  this  point  of 
vieAv.  They  contended  that  hemothoracic  empyema  Avas  true  empyema,  and  they 
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pointed  out  that  their  first  patients,  as  well  as  some  of  their  later  patients,  Avere 
treated  Avithout  benefit  of  chemotherapeutic  or  antibiotic  agents.  Many  of 
these  casualties,  they  emphasized,  AA''ere  A’ery  ill  and  highly  toxic,  and  problems 
of  management  AA^ere  quite  as  serious  as  those  encountered  in  World  War  I. 

The  clinical  and  other  distinctions  betAA^een  the  empyemas  encountered  in 
the  tAA’o  World  Wars  Avere  AA^ell  stated  by  Dr.  Carl  Eggers : 

1.  Chronic  empyema  AA^as  the  chief  problem  of  thoracic  surgeons  in  World 
War  I,  AAdiile  posttraumatic  hemothoracic  empyema  AA’as  apparently  the  chief 
problem  of  these  surgeons  in  World  War  II. 

2.  The  patients  A\dth  chronic  empyema  encountered  in  World  War  I  AA^ere 
chronic  iiwalids.  They  had  surAUA^'ed  measles,  influenza,  lobar  pneumonia,  and 
the  other  diseases  that  AA^ere  AAudespread  in  Army  camps  and  that  AA’ere  frequently 
complicated  by  bilateral  bronchopneumonia.  They  had  AAuithstood  prolonged 
sepsis.  They  had  usually  undergone  drainage  operations  for  acute  empyema. 
Structural  organizing  changes  had  frequently  taken  place  in  the  chest  Avail,  the 
pleura,  and  eA^en  the  lung.  As  a  result,  their  resistance  Avas  materially  loAvered. 

3.  In  World  War  II,  patients  AAdio  dcA^eloped  hemothoracic  empyema  after 
combat  Avounds  of  the  chest  AA^ere  usually  in  good  physical  condition.  They 
had  normally  functioning  organs.  Their  chest  Avails  Avere  usually  intact  or 
almost  intact  and  Avere  therefore  mobile.  Their  lungs  AA'ere  usually  unin- 
voh^ed;  if  there  Avas  any  pulmonary  iiwolvement,  it  Avas  usually  traumatic  and 
not  infectious.  These  casualties  might  have  lost  blood  and  been  in  shock,  but 
their  resuscitation  had  been  uniformly  excellent,  and  their  resistance  AA^as  gen¬ 
erally  good.  In  short,  there  Avas  a  striking  difference  in  the  general  condition 
and  the  surgical  risk  presented  by  the  casualties  of  the  tAvo  World  Wars. 

In  discussing  the  procedures  possible  in  empyema  in  the  tAvo  Avars,  Eggers 
pointed  out  that  it  Avould  not  have  been  possible,  in  World  War  I,  to  insert  a 
rib  spreader  after  making  the  incision,  Avhicli  Avas  j^art  of  the  technique  of 
decortication  in  World  War  II.  It  Avould  haA^e  been  impossible  because  the 
ribs  Avere  usually  fused  and  Avere  firmly  embedded  in  the  thickened  parietal 
pleura.  Resection  of  portions  of  all  the  ribs  OA^erlying  the  pleural  cavity  Avas 
therefore  prerequisite  to  mobilization  of  the  chest  Avail.  In  World  War  II,  the 
chest  Avail  Avas  practically  ahvays  mobile.  In  World  War  I,  the  parietal  pleura 
Avas  often  half  an  inch  or  more  in  thickness.  Mobilization  of  the  compressed 
lung,  the  most  important  surgical  objective,  had  to  be  accomplished  by  reflec¬ 
tion  of  the  thickened  tissue  forming  the  angle  of  reflection  from  the  parietal 
pleura  onto  the  lung.  Then,  if  it  Avere  possible,  the  remaining  layer  of  tissue 
compressing  the  lung  Avas  peeled  off.  Often  this  Avas  not  possible.  Then  the 
solution  Avas  to  make  crisscross  incisions  into  it.  Complete  reexpansion  of  the 
lung  occasionally  folloAved  this  procedure  but,  as  a  rule,  success  Avas  only 
partial. 

The  degree  of  success  achicA^ed  in  indiAudual  patients  in  World  War  I, 
Eggers  concluded,  depended  not  only  upon  the  surgery  performed  but  upon 
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the  condition  of  the  pulmonary  parenchyma.  If  the  lung  was  librotic,  as  it 
frequently  Avas,  complete  reexpansioii  could  not  possibly  occur.  From  this 
standpoint,  conditions  in  World  War  II  AAxre  ATry  much  more  favorable,  a 
point  of  vieAV  Avhich  the  World  War  II  surgeons  present  did  not  accept. 


MANAGEMENT  OF  INFECTED  HEMOTHORAX  AND 
HEMOTHORACIC  EMPYEMA 

General  Considerations  of  Treatment 

Aspiration,  Avith  or  AAnthout  the  instillation  of  penicillin,  ^vas  occasionally 
used  in  small  infected  hemothoraces  in  the  Mediterranean  theater,  but  it  Avas 
never  a  theater  policy.  This  method  Avas  used  only  Avhen  cultures  Avere  sterile, 
compression  of  the  lung  did  not  exceed  25  percent,  and  the  patient’s  condition 
Avas  good.  If  a  purulent  exudate  apj^eared,  drainage  Avas  instituted  at  once. 
The  uiiAAnse  use  of  continued  aspiration  Avas  an  invitation  to  chronic  empyema. 
In  World  War  I,  the  patients  Avho  Avere  thus  treated  endured  months  and  years 
of  suppuration  and,  if  they  survived,  eA^entually  required  multistaged  deform- 
in  o*  obliteratiAT.  operations.  Such  patients  Avere  scarcely  eA^er  seen  in  World 
War  II.^ 

In  some  European  chest  centers,  a  so-called  irritating  pack  was  occasionally 
used  in  chronic  empyemas  in  AAdiich  the  cavities  Avere  small  or  of  moderate  size, 
in  the  belief  that  maintenance  of  an  acute  inflammatory  state  Avould  produce 
an  obliteratNe  pleuritis  more  rapidly.  This  method,  AAdiich  is  usually  em¬ 
ployed  only  as  a  supplement  to  a  small  Schede  thoracoplasty,  Avas  not  used  in 
the  Mediterranean  theater. 

Intercostal  catheter  drainage  as  the  sole  method  of  treatment  of  empyema 
Avas  never  considered  adequate.  The  catheter  Avas  promptly  blocked  by  large 
amounts  of  partially  degenerated  clot,  fibrin,  and  exudate,  and  drainage  simply 
ceased.  Early  in  the  Avar,  some  surgeons  employed  catheter  drainage  as  a 
preliminary  to  rib  resection,  but  as  experience  increased,  it  came  to  be  appre¬ 
ciated  that  if  drainage  Avas  indicated,  almost  the  only  contraindication  to  rib- 
resection  drainage  Avas  that  the  patient  Avas  too  ill  to  tolerate  it  as  a  primary 
procedure. 

Selection  of  Therapeutic  Method 

When  treatment  of  infected  hemothorax  and  hemothoracic  empyema  be¬ 
came  standardized  in  the  Mediterranean  theater,  three  methods  AA^re  employed : 

1.  Rib-resection  drainage  alone. 

The  basic  difference,  of  course,  was  that  in  AA'orld  War  I  the  empyemas  encountered  wore  of  the 
synpneumonic  or  metapneumonic  A'arietics.  In  AA^’orld  A\Tir  II,  the  empyemas  were  chiefly  caused  by 
infection  of  hemothoraces.  They  occurred  in  healthy  pleural  cavities  and  in  association  with  healthy 
lungs. — F.  B.  B. 
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2.  Primary  decortication;  that  is,  a  procedure  to  eradicate  infection  or 
empyema  by  securino-  immediate  normal  expansion  of  tlie  lung,  witiiout  pre¬ 
liminary  di'ainage  of  the  pleural  cayit3^ 

o.  Secondary  decortication:  that  is,  a  procedure  for  the  same  j)urpose  after 
aderpiate  lib- resection  drainage  for  seA^eral  Aveeks. 

The  choice  of  treatment  depended  upon  several  factors : 

1.  The  size  and  location  of  the  em])yema  caAuty.  If  the  cavity  AA^re  small, 
unilocular,  and  basal,  rib-resection  drainage  alone  Avas  usually  adequate. 

2,  Tlie  2^ercentage  collapse  of  the  lung  and  its  distribTition.  To  World 
War  II  thoracic  surgeons,  the  status  of  the  lung  aa^ys  of  primary  importance. 
Their  position  aa^ys  based  on  the  truism:  “As  goes  the  huYg,  so  goes  the  pleural 
space.' ^ 

If  collapse  iiYAmh^ed  50  percent  or  more  of  the  hing,  primaiy  decortication 
Avas  the  method  of  choice,  particularly  if  the  pulmonary  apex  Avas  inyoh^ed 
in  the  collapse.  Because  of  the  increased  technical  difficulties  if  apical  collapse 
ensued  after  rib-resectioiY  drainage,  collapse  at  the  apex  AAvas  considered  a  moi’e 
important  indication  for  primary  decortication  tliaiY  a  similar  degree  of  basal 
collapse. 

The  common  method  of  estiiYiating  the  percentage  of  lYiYlmonary  collapse 
Avas  ])ased  YY])on  the  distance  of  the  lung  border  froiYi  the  lateral  thoracic  AA^all 
as  it  Avas  observed  in  posteroanterior  roeiYtgenograins.  The  measurement  Avas 
freqYYently  found  to  be  in  error  aiYd  AA'as  nearly  alAA'ays  found  to  be  a  lYiiYYimal 
estiiYiate.  The  liYng  AA^as  YiSYially  collapsed  for  aiY  equal  distance  from  the  an¬ 
terior  and  the  posterior  thoracic  ATalls.  In.  most  instaiYces,  if  the  liYiYg  border 
did  not  approximate  the  lateral  thoracic  aa^yU  by  a  third  of  the  Avidth  of  the 
hemithorax,  the  collapse  Avas  YYSually  foYind  to  be  50  percent  or  more.  A  con¬ 
sistent  lack  of  correlation  AA^as  found  betAA^een  the  perceiYtage  collapse  of  the 
lung  as  determined  by  roentgenograms  and  as  ol)served  at  operation  (fig.  94). 

o.  The  status  of  the  patient.  A  feAA^  patients  AAxre  so  seriously  ill  as  the 
result  of  inassiAn  pleural  infection  that  a  procedure  of  the  magnitude  of  de- 
corticatioiY  could  not  be  considered  as  a  primary  proceduiv.  This  operation 
souYetimes  lasted  3  hours  or  lYiore,  and  thei'e  Avas  a  considerable  loss  of  blood 
during  decoYf  icatioiY  of  the  visceral  2)leui-al  surfaces. 

Most  patieiYts  treated  by  priimny  decortication  had  had  fever  to  102°  or 
103°  F.  daily  for  seA'eral  days  or  loiYger  before  operation.  WIyciy  other  features 
of  the  illness  Avere  faA'orable,  jYyrexia  Avas  lYot  regarded  as  a  contraindication 
to  its  performance.  Much  more  imjYortaiYt  Avas  the  estimarion  of  the  general 
status  of  the  patient  aiYd  his  ability  to  Avithstand  sYYigeiy  as  sIyoavyy  by  simple 
observations  of  the  color  of  his  skin,  his  appetite  and  lYutrition,  his  general 
strength  and  alertness,  aitd  his  res^mnse  to  transfusion. 

4.  The  results  of  rib-resection  drainage  Avhen  it  had  been  used  as  a  2:)rimary 
2:)rocedYYre.  In  these  cases,  it  Avas  observed  tliat  if  satisfactory  results  Avere  to 


HEMOTHORAX  AND  HEAtOTHORACIC  E^Ml’YEMA 


FiGrKK  04. — r)<*corli(i'atioii  in  lioinot  horacie  ennpyeiiia.  A.  Ro^teroanterior 
roeniii-eiKi.u'rain  yhowiiis'  ori.ii'inal  extent:  of  empyema.  B.  Same,  2  weeks  after 
thoracotomy  and  decortieati(m,  which  resulted  in  complete  cure.  At  operation, 
deg-ree  of  pulmonary  collapse  was  foiind  to  be  considerably  greater  than  indicated 
in  ligure  OOA. 


follow,  they  tvoiild  be  evident  within  the  first  4  to  6  weeks  after  operation  (fig. 
95).  If  tlie  lung  expanded  rapidly  within  that  period,  so  that  it  seemed  rea¬ 
sonable  to  anticipate  continued  complete  obliteration  of  the  cavity,  no  further 
surgery  was  considered  necessary.  If  jtrogress  during  this  period  was  not  sat¬ 
isfactory  (hg.  96)  and  tlie  collapse  of  the  lung  remained  at  50  percent  or  more, 
secondary  decortication  was  considered  indicated,  not  only  to  prevent  possible 
or  pi'obable  chronic  empyema  but  also  to  reduce  the  duration  of  pleural 
suppuration. 

These  considerations  applied  to  all  cases  of  empyema  as  well  as  to  infec¬ 
tions  of  clotted  hemothoraces.  Because  of  the  tendency  to  loculation  in  both 
lesions,  there  was  little  reason  for  assuming  that  all  septa  would  be  broken  and 
all  loculi  drained  through,  the  relatively  small  wound  made  at  rib  resection. 
This  was  true  Avhether  the  ]:)urpose  of  the  procedure  was  to  provide  an  outlet 
for  frank  pus  or  for  drainage  of  a  clotted  hemothorax.  Rib-resection  drainage 
was  a  satisfactory  procedure,  in  short,  only  Avhen  the  cavity  was  so  small  that 
all  parts  of  it  were  readily  accessible. 

Multiple  empyemas  associated  with  fistula  formation  in  a  traumatized  lung 
that  had  fully  reexpanded  offered  a  real  therapeutic  challenge.  The  precise 
origin  of  the  pathologic  process  in  such  cases  was  frequently  not  clear.  The 
blowouts  might  have  occurred  primarily  along  the  missile  track.  Another 
theory  was  that  a  primary  vascular  injury  might  have  resulted  in  areas  of 
pneumomalacia  that  later  ruptured,  thus  giving  rise  to  isolated  fistulas  with 
separate  encapsulated  pockets  of  empyema. 
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Figuke  95. — Management  of  lieinotlioracic  einpyeina  by  rib-resection  drainage.  A. 
Posteroaiiterior  roentgeiiograin  showing  massive  liquid  lieinotlioracic  empyema  on 
left  just  before  operation.  B.  Same,  4  weeks  after  institution  of  drainage  by  rib 
resection.  Lung  is  now  almost  completely  ex^janded.  This  patient  went  on  to  re¬ 
covery  without  further  surgery. 

Decortication  was  obviously  not  the  solution  in  this  group  of  cases,  and 
great  care  was  required  in  the  institution  of  drainage.  A  misplaced  incision 
could  result  in  unnecessary  mutilation  or  even  introduce  a  real  threat  to  life. 
Attempts  to  drain  one  cavity  through  another,  howe^Tr  closely  adjacent  the  two 
cavities  might  be,  were  usually  ill-conceived  and  might  well  cause  complica¬ 
tions  by  tearing  into  a  lung  that  Avas  normal  or  only  slightly  involA  ed.  The 
best  technique  in  tliis  kind  of  case  was  drainage  by  multiple  i*ib  resections. 


DECORTICATION  OF  THE  LUNG 
Development  and  Rationale 

The  first  decortication  recorded  in  World  AVar  II  Avas  ])erformed  in  the 
North  African  Theater  of  Operations,  U.S.  Army,  in  April  1943,  by  Major 
Burford,  on  a  patient  with  an  uninfected  organizing  hemothorax,  5  aa  eeks  after 
injury  (vol.  I).  The  smooth  recoATry  and  successful  end  result  in  this  case 
elucidated  many  preAdously  obscure  problems  of  clotted  hemothorax.  Tho¬ 
racotomy  had  sometimes  been  undertaken  before  this  date  for  removal  of  the 
clot,  but  the  operation  Avas  seldom  successful,  as  might  have  been  expected, 
for  it  made  no  attack  uj^on  the  essential  pathologic  feature  of  clotted  hemo¬ 
thorax  ;  that  is,  the  fibroblastic  membrane  or  peel.  It  Avas  the  continued  'pres¬ 
ence  of  this  constrictive  pulmonary  investment  that  prevented  reexpansion  of 
the  lung  compressed  by  it. 
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Fi(;rui:  1)0. — Posteroanierior  roentgeiio- 
gi’nni  allowing  iiiiis-sive  liquid  empyema  on 
riglit  sid(?  4  weeks  after  institution  of 
ril)-r(‘Section  drainage.  Lung  is  still  col¬ 
lapsed.  Patient  later  required  secondary 
decortication. 


J 


The  rationale  of  decortication  was  incontrovertible : 

1.  The  continued  presence  of  an  organizing  hemothorax  prevents  pulmo¬ 
nary  reexpansion. 

2.  The  intrapleural  mass  must  therefore  be  removed. 

3.  A  line  of  cleavage  exists  between  the  pleural  surfaces  and  the  membrane 
until  such  time  as  the  process,  if  not  interrupted,  becomes  chronic  in  the 
pathologic  rather  than  in  the  chronologic  sense. 

4.  Decortication,  which  removes  the  compressing  membrane,  if  performed 
before  the  process  becomes  chronic,  will  result  in  immediate  and  total  pul¬ 
monary  reexpansion  and  will  also  obliterate  all  pleural  dead  space. 

In  the  beginning,  decortication  was  undertaken  only  on  the  indication  of 
uninfected  organizing  hemothorax.  At  a  number  of  operations,  however,  un¬ 
expected  locuhitions  of  pus  were  found,  and  inadvertent  decortication  for  in¬ 
fected  hemothoraces  and  hematothoracic  empyema  proved  the  suitability  of 
the  operation  for  both  of  these  conditions.  The  extension  of  the  operation  to 
these  conditions  was  perfectly  logical.  The  basic  pathologic  process  was  the 
same  in  both.  Microscopic  examination  of  the  rind  over  the  pleura  in  early 
empyema  showed  it  to  be  identical,  cytologically  and  chronologically,  with  the 
rind  in  noninf ected  hemothoraces. 

With  the  advent  of  penicillin  and  tlie  demonstration  of  its  usefulness  by 
Maj.  Oil  amp  Lyons,  MC,  the  next  step  in  the  evolution  of  decortication  was 
natural,  the  use  of  the  operation  without  preliminary  drainage  in  massive 
empyema.  The  first  deliberate  primary  decortication  for  hemothoracic 
empyema  was  performed  by  Maj.  (later  Lt.  Col.)  Paul  C.  Samson,  MC,  under 
penicillin  protection,  in  March  1944.  It  was  a  complete  success. 
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Decortication  was  then  extended  to  cases  in  wliicli  concomitant  lesions  jus¬ 
tified  operation  even  if  the  size  of  the  clotted  hemothorax  or  the  empyema 
present  would  not,  in  themselves,  have  warranted  the  operation.  In  many 
residual  empyemas,  other  ])ersistent  pulmonary  processes  required  suraical 
correction,  includiuo-  obliteration  of  bronchial  fistulas:  wedge  resections  for 
multiple  fistulas;  or,  occasionally,  the  snme  procedures  for  posttraumatic 
abscesses. 

The  rationale  of  early  decortication  in  properly  selected  cases  of  sterile 
organizing  hemothorax,  infected  hemothorax,  and  posttraumatic  or  hemotho- 
racic  empyema  rapidly  led  to  the  concept  that  it  Avas  not  tenable  to  consider 
that  a  patient  Avith  massive  hemotliorax  Avas  convalescing  satisfactorily  merely 
because  he  shoAved  no  signs  of  infection.  Such,  a  point  of  AueAv  took  no  cog¬ 
nizance  of  the  primary  concern  of  the  surgeon:  iiamelAy  the  early  restitution 
of  pulmonary  function  and  the  preATUition  of  the  crippling  effects  of  chronic 
fibrothorax. 

The  most  effective  reply  to  the  arguments  of  those  Avho  ad\'ocated  a  more 
conservatiA^e  approach  to  the  therapy  of  posttraumatic  emjYyema  Avas  the  not 
insignificant  case  fatality  rate  iii  adequately  drained  cases  in  Avhich  progress 
Avas  a'pparently  satisfactory.  Progress  in  even  the  most  competently  managed 
case  Avas  unpredictable,  and  the  road  from  drainage  to  complete  cure  Avas  beset 
Avith  many  dangers.  Chronicity  could  deA^elop  at  any  stage,  and  at  the  best, 
the  elapsed  time  betAveen  drainage  and  cure  Avas  a  matter  of  many  AA'eeks,  and 
often  of  many  months. 

The  rediscowry  and  reapplication  of  total  pulmonary  decortication  (vol. 
I)  to  organizing  hemothorax  and  to  hemothoracic  empyema  resulted  in  a 
prompt  decrease  in  the  duration  of  recovery  after  chest  Avounds  and  a  reduc¬ 
tion.  in  the  number  of  potential  pulmonary  cri2:)ples.  In  properly  selected  cases, 
decortication  Avas  almost  iinairiably  folloAved  by  prompt  eradication  of  iiYtra- 
pleural  fibrosis  and  sepsis  and  ])rompt  pulmonary  reexpansion. 

As  Col.  Edward  D.  Churchill,  MC,  pointed  out  in  tlie  discussion  of  decor¬ 
tication  at  the  1016  meeting  of  the  American  Association  for  Thoracic  Surgery 
(p.  2T6),  the  principle  for  Avhich  the  Empyema  Commission  fought  in  World 
War  I  Avas  to  Avait  to  estal)lish  drainage  until  a  generalized  empyema  had  he- 
come  localized.  In  World  War  II,  the  procedure  Avas  the  exact  reverse :  It  Avas 
to  take  a  localizing  empyema  and  convert  it  into  a  generalized  pleural  contami¬ 
nation  in  order  to  achieA^e  prompt  reexpaiision  of  the  lung.  When  the  principle 
AAVYS  thus  stated.  Colonel  Churchill  concluded,  it  Avas  as  startling  as  it  aauis 
important. 

In  the  excitement  of  this  discussion,  three  jYoints  of  major  importance  in 
the  management  of  the  hemothoracic  empyema  encoiUYtered  in  World  War  II 
Avere  not  explicitly  stated : 

1.  There  Avas  no  emphasis  on  the  status  of  the  mediastinum.  As  Graham 
had  pointed  out  in  World  War  I,  Avhen  the  mediastinum  had  become  fixed. 
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drainage  was  indicated  and  safe.  When  it  was  still  labile,  drainage  was  not 
in  d  i  ca  t  e  d  a  n  d  co  uld  b  e  1  etlia  1 . 

2.  Tlie  status  of  the  pleural  space  depended  upon  the  status  of  the  lung, 
according  to  the  truism,  already  mentioned:  “As  goes  the  Inng,  so  goes  the 
pleural  space."’ 

?>.  The  point  emphasized  in  Colonel  ChurchilPs  discussion,  that  it  was  safe 
to  take  a  localizing  empyema  and  convert  it  into  a  generalized  pleural  con¬ 
tamination  in  order  to  achieve  prompt  reexpansion  of  tlie  lung,  was  possible 
only  because  penicinin  was  available  and  Avas  capable  of  protecting  the  pleural 
caAuty  against  bacterial  invasion. 


Indications 

Before  the  concept  of  decortication  for  organizing  hemothorax,  infected 
hemothorax,  and  empyema  could  be  properly  formulated,  it  Avas  necessary  to 
bear  in  mind  certain  fundamental  facts : 

1.  The  essential  nature  of  the  ])athologic  process.  Tlie  demonstration  of 
the  fibroblastic  membrane  that  invested  the  pleura  exjAlained  the  chronicity  of 
many  hemothoraces  Avith  infection,  made  clear  the  object  of  treatment,  and 
pointed  to  the  procedure  that  Avould  achAwe  the  desired  results. 

2.  The  etlicacy  of  penicillin  in  protecting  against  and  controlling  invasiAC 
infection,  so  that  surgery  could  be  safely  applied  at  the  optimum  time  to  secure 
maximum  functional  results. 

?).  The  selection  of  cases  on  the  basis  of  strict  indications.  This  Avas  not 
a  procedure  for  ])roniiscuous  use.  After  decortication  Avas  first  introduced,  the 
initial  AvaA^e  of  overenthusiasm,  as  often  happens,  Jed  to  its  use  in  some  patients 
in  AAdiom  it  Avas  not  indicated.  The  original  excess  of  enthusiasm  Avas  soon 
tempered  by  exj)erience,  and  the  scope  of  the  operation  Avas  properly  delimited 
and  its  indications  defined. 

There  Avere  four  chief  indications  for  decortication : 

1.  Z/nhifected  orgammng  hemothorax. — Patients  in  this  group  Avere  treated 
conservatively  for  periods  ranging  from  3  to  G  Aveeks.  During  tliis  time, 
repeated  aspirations  Avere  carried  out.  Even  if  all  the  blood  in  the  pleural 
caA'ity  could  not  be  removed  and  some  clotting  had  already  occurred,  the 
removal,  from  time  to  time,  of  as  little  as  from  50  to  100  cc.  of  currant- jelly- 
like  material  through  a  large  caliber  needle  Avas  found  to  be  advantageous. 
Breathing  exercises  (a'oI.  I)  Avere  also  instituted,  in  an  effort  to  aid  reexpansion 
of  the  lung. 

Between  the  third  and  sixth  AA^eeks  of  consen^ative  treatment,  the  patient's 
status  Avas  carefully  appraised.  If  aspiration  Avas  yielding  only  a  feAv  cubic 
centimeters  of  blood  and  serum  and  if  roentgenograms  failed  to  sIioav  progres- 
siA^e  improA^ement,  decortication  Avas  regarded  as  indicated  if  the  patient  pre¬ 
sented  some  or  all  of  the  folloAving  symptoms  and  signs :  Diffuse  pulmonary 
pain  or  discomfort;  dyspnea  on  exertion;  and  poor  thoracic  expansion,  Avith 
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Fi(;rni:  t)T. — i  I  ana  cement  ot!  clotlwl  Iieiiiol  borax  with  retained  foreign  body. 

A.  Posteroanterior  roentgeiiogTam  showing  extensive  left  hemothorax,  wdth  for¬ 
eign  body  in  left  lung.  B.  Same,  showing  clotted  hemothorax  of  moderate  size 
after  2  weeks'  trial  of  aspiration.  A  clotted  hemothorax  of  this  size  wonld  not. 
in  itself,  have  constituted  sufficient  indication  for  decortication  at  end  of  2  weeks, 
but  surgery  was  considered  indicated  because  of  missile  in  lung. 

retraction,  and  narrowing  of  the  intercostal  spaces.  A  generalized  hazy  appear¬ 
ance  on  the  roentgenograms  provided  additional  support  for  decortication. 

Patients  with  organizing  hemothorax  associated  with  retained  foreign 
bodies  a  centimeter  or  more  in  diameter  often  presented  good  expansion  of 
the  upper  lobe  by  the  third  or  the  fourth  \Yeek,  altliough  a  lower  lobe  might 
still  be  partly  compressed  by  organizing  hemothorax.  In  cases  of  this  kind, 
the  combination  of  an  organizing  hemothorax,  even  of  moderate  degree,  and 
of  a  retained  foreign  body  was  regarded  as  sufficient  indication  for  decortica¬ 
tion  and  removal  of  tlie  missile  (figs.  97  and  98). 

2.  Infected  orgamzing  lieniotliorax, — Decortication  was  undertaken,  as 
soon  as  the  patient ^s  condition  permitted,  in  all  cases  in  which  the  pulmonaiy 
collapse  was  more  than  25  percent,  particularly  if  the  collapse  involved  the 
apex.  Altliough  infection  sometimes  became  evident  by  the  10th  to  the  12th 
day  after  wounding,  it  usually  manifested  itself  at  a  somewhat  later  date. 
Positive  smears  or  cultures  frequently  could  not  be  obtained,  and  presumptive 
evidence  of  infection  had  to  be  based  on  signs  of  inci’easing  toxicity,  mounting 
fever,  or  rapid  enlargement  of  the  hemothorax.  Massive  clotting  was  likely 
to  be  present  in  these  cases,  and  a  ])olicy  of  delay  often  led  to  the  development 
of  empyema. 

Many  surgeons  took  the  position  that  bacteria  were  consistently  present 
in  hemothorax,  even  if  cultures  were  negative  and  even  if  frank  suppuration 
did  not  super\ene.  If  this  concept  were  correct  and  the  intrapleural  mass 
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Figure  97. — Continued.  C.  Same,  2  weeks 
after  decortication.  Progress  after  operation 
was  entirely  sati.sfactory  and  patient  went  on 
to  complete  cure. 


^Yere  left  in  situ,  it  seemed  logical  to  postulate  that  true  latency  might  result 
from  foci  of  infection  left  deep  in  the  hemotlrorax. 

If  this  latter  liypothesis  were  correct,  tlien  it  could  be  further  postulated 
that  in  the  postwar  period,  patients  with  fibrothorax  or  neglected  organizing 
hemothorax  would  present  the  persistent  roentgenologic  finding  that  in  the 
past  has  been  erroneously  termed  “thickened  pleura.”  It  is  characteristically 
present  in  patients  subject  to  recurrent  febrile  episodes  caused  by  recrudescence 
of  activity  in  foci  of  infection  in  the  chest,  as  well  as  in  patients  who  hare 
become  chronic  respiratory  invalids. 

3.  Posttrauma  tic  {hemothoracic)  emfyema. — ^As  already  jioiihed  out, 
the  distinction  between  hemothorax  with  infection  and  frank  hemothoracic 
emp3^ema  was  not  great  in  many  cases.  In  frank  empyema,  the  infection 
might  lun  e  been  present  for  a  longer  period  of  time  or  might  be  more  virulent. 
In  general,  the  patients  were  more  criticall}^  ill  than  those  with  infected  hemo- 
thoraces,  and  the  aspirated  material  Avas  more  grossly  purulent.  All  the  pa¬ 
tients  on  Avhom  decortication  Avas  performed  on  the  indication  of  empyema  had 
clinical  BAudence  of  infection ;  that  is,  feA^er,  anorexia,  malaise,  and  other  signs 
of  toxicity.  The  majority  Avere  acutely  and  seriously  ill,  and  at  operation  all 
Avere  found  to  haA^e  purulent  fluid  in  the  pleural  caAnty. 

The  type  of  organism  recovered  from  the  pleural  fluid  Avas  not  a  factor 
in  the  decision  for  or  against  decortication.  Clostridial  em^Dyemas  Avere 
treated  by  the  same  routine  as  other  empyemas.  The  percentage  of  negative 
cultures  Avas  i:)robably  no  greater  than  Avould  be  encountered  in  any  series  of 
emp3'emas.  l^egative  cultures  Avere  to  be  expected  after  chemotherap}"  and 
antibiotic  therapy  had  been  employed. 

Focal  points  of  intense  reaction  Avere  occasionall}^  seen  in  hemothoracLC 
empyema,  and  miliary  abscesses  Avere  occasionally  observed  in  the  older  portion 
of  the  organizing  clot.  On  the  Avhole,  liOAvever,  these  layers  (fig.  79)  Avere 
remarkably  free  from  inflammatory  reaction.  For  all  practical  j)urposes,  the 
pleura  and  tlie  laym's  of  adjacent  organized  clot,  Avith  their  blood  suppl}^,  had 
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FiiiUKK  1)S. — of  clotted  lieiiiotliorax  with  retoiiied  foreign  body. 

A.  Rosteroaiiterior  rooutgeiiograiii  showing  clotted  heinotliorax  on  right,  without 
infection,  and  foreign  body  in  right  lung.  B.  Same,  2  weeks  after  decortication  and 
removal  of  foreign  body.  There  is  no  la^sidual  Inanothorax,  and  lung  is  fully 
ex]»and('d. 

cleared  tlieniselves  of  iiifeetioii.  Tltis  observation  liel])S  to  ex|)laiii  h'liy  such 
good  results  could  be  obtained  by  decortication  even  witen  there  was  frank 
suppuration  in  tlie  center  of  the  organizing  mass. 

1.  Other  hxUcafioit^. — Persistent  bronchopleural  tistulas,  esophagopleural 
fistulas,  and  transdiaphragmatic  Itiliary  fistulas  Avere  not  frequent,  but  all 
played  tlieir  part  in  the  genesis  of  chronic  empyema  and  therefore  demanded 
energetic  management.  Early  decortication,  Avith  excision  and  closure  of  the 
fistula,  gave  excellent  results.  In  a  feAv  cases,  decortication  under  penicillin 
protection  AAns  combined  Avith  the  excision  and  closure  of  small  infra  pulmonary 
abscesses  (up  to  5  cm.  in  diameter)  associated  AAuth  empyema. 

Penicillin,  Avith  its  established  bacteriostatic  properties  and  its  resultant 
ability  to  diminish  the  dangers  of  iiiAUfsiAT  infection  at  operation  in  the  x^res- 
ence  of  acute  intrapleural  infection,  proved  to  be  the  adjunct  Avhich  had  long 
been  desired  to  render  early  surgery  safe  in  such  cases.  Perhaps  the  most 
Auiluable  role  of  x^^^hicillin  Avas  in  the  management  of  chronic  emi:)yema,  in 
Avhich  it  afforded  efficient  x^rotection  against  sx)reading  infection  Avhen  a  radical 
ox)eration  such  as  decortication  Avas  under talven  for  the  obliteration  of  a  chronic 
emx^yema  cavity. 

A  x^recise  estimate  of  its  benefits  Avas  naturally  not  x^ossible.  It  seemed 
reasonable  to  assume,  lioAveATr,  that,  Avhen  the  surgeon  Avas  obliged  to  Avork  in 
a  potentially  or  actually  infected  field,  penicillin  protection  often  x^revented 
serious  Avound  infections  and  other  corny:)! ications.  When  it  became  available, 
it  Avas  x^'ossible  to  x:)Ri'SRe  a  rational  plan  of  therapy  in  infected  hemothorax 
and  hemotboracic  emx)yema,  directed  toAvard  the  achievement  of  (1)  early 
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pleiiropulmonary  lysis,  (2)  total  ablation  of  infected  tissue,  (3)  complete  pul¬ 
monary  reexpansion,  and  (4)  absolute  obliteration  of  residual  pleural  dead 
space.  Under  penicillin  protection,  all  of  these  objectives  could  be  achieved 
by  a  procedure  relatively  free  from  the  risk  of  septic  dissemination. 

penicillin  became  available,  in  the  spring  of  1944,  the  indications 
for  decortication  in  hemothoracic  empyema  became  stabilized.  Eib  resection 
Avith  drainag-e  Avas  considered  Avisest  AAdien  the  pleural  infection  Avas  limited 
to  the  basal  portion  of  the  thorax  or  Avhen.  it  Avas  small  and  definitely  encap- 
suied.  If  these  empyemas  Avere  drained  adequately,  persistent  cavitation  sel¬ 
dom  developed.  If  complete  obliteration  of  the  cavity  and  complete  pul- 
monaiy  reexpansion  did  not  take  place  promptly,  hoAAwer,  the  patient  Avas 
regarded  as  a  candidate  for  decortication. 

Preliminary  rib-resection  drainage  Avas  also  used  in  patients  aaEo  Avere 
too  ill  and  too  toxic  to  be  subjected  initially  to  open  thoracotomy  and 
decortication. 

Decortication  Avithout  preliminary  rib-resection  drainage  had  a  number 
of  ad\nntages: 

1.  Complete  pulmonary  expansion  occurred  at  once,  AAuth  the  immediate 
elimination  of  all  intrapleural  dead  space. 

2.  Chronic  empyema,  Avhich  Avas  a  distinct  possibility  after  rib-resection 
drainage,  Avas  preA^ented. 

3.  Weeks  and  months  of  disability  Avere  eliminated,  as  Avas  the  risk  of 
serious  and  even  fatal  complications,  such  as  brain  abscesses. 

4.  The  patient  Avas  spared  a  great  deal  of  discomfort  and  inconA^enience, 
and  the  hospital  stall  Avas  saved  the  time  and  effort  required  by  repeated 
dressings. 

At  least  three  factors  Avere  responsible  for  the  poorer  results  in  secondary 
decortication : 

1.  The  patients  requiring  preliminary  drainage  Avere,  as  a  group,  more 
seriously  ill  than  those  Avho  did  not  require  it.  In  particular,  they  Avere  likely 
to  be  much  inore  toxic. 

2.  The  intrathoracic  Avounds  Avere  generally  more  seA^ere. 

3.  The  interval  betAveen  Avounding  and  decortication  Avas  longer  in  second¬ 
ary  decortications,  because  of  the  original  poor  condition  of  the  patients  and 
the  additional  time  necessary  for  the  drainage  operation  and  recoA^ery  from 
it. 

Tavo  questions  arose  in  connection  Avith  the  selection  of  cases  for 
decortication ; 

The  first  question  Avas  Avhether  it  Avoukl  be  possible  to  deA^elop  a  peel  in 
the  particular  case.  Tliis  Avas  not  a  question  that  could  be  ansAvered  positively. 
Timing  of  surgery  played  an  important  part  in  the  possibility.  Eoentgeno- 
grams  did  not  furnish  a  clue,  nor  did  a  study  of  the  parietal  pleura  at  a  pre¬ 
liminary  drainage  operation.  As  a  matter  of  fact,  the  pleural  membrane  Avas 
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usually  tliicker,  and  the  pulmonary  collapse  more  proiioimced,  than  the  films 
suggested.  Unsuspected  pleural  pockets  were  also  often  found. 

The  answer  to  the  second  question,  whether  or  not  tlie  lung  would  reexpand, 
depended  upon  the  extent  and  type  of  pulmonary  damage  and  whether  or  not 
infection  Avas  present.  Tiie  descri})tion  vu-itten  lyy  the  forward  surgeon  might 
be  helpful  in  estimating  the  extent  of  the  pulmonary  injury.  If  the  injury 
was  a  contusiou,  a  roentgenogram  taken  immediately  afterward,  before  the 
deA^elopment  of  liemothorax,  Avas  also  hel|)ful.  Again,  timing  Avas  a  factor.  If 
decortication  Avere  performed  too  soon  after  AAmunding,  the  lung  AAmuld  not 
Invve  had  time  to  lieal  after  injury  and  regain  sufficient  elasticity  to  permit 
adequate  reexpansion.  If  a  homolateral  pneumonitis  Avas  present,  decortication 
Avas  not  performed  until  it  had  cleared  up,  not  only  to  giA^e  the  lung  a  chance 
to  recoA^er  but  also  to  avoid  the  risk  of  introducing  organisms  into  the  blood¬ 
stream  by  opening  the  lung :  septicemia  could  easily  result.  As  these  statements 
indicate,  the  ex])ansile  ability  of  the  lung  could  not  be  settled  by  generalizations 
but  had  to  be  estimated  in  the  indiAudnal  case. 

Timing 

As  early  as  1904,  ATolet  (7)  had  stated  that  if  decortication  AA^ere  to  be 
emploA'ed,  it  should  be  employed  promptly,  as  soon  as  it  Avas  evident  that  an 
empyema  Avould  not  undergo  spontaneous  cure  and  before  tlie  Avails  of  the  caAuty 
had  become  rigid  and  separated  by  too  AAude  a  space.  Lilienthal  (8),  in  1915, 
had  resorted  to  the  operation  in  a  matter  of  Aveeks,  but  most  American  surgeons 
Avho  used  it  believed  tlmt  it  should  be  em])loyed  only  after  many  months  had 
elapsed  and  after  other  methods  of  treatment  had  failed.  In  1928,  LockAvood 
(9)  reported  that  there  Avere  more  failures  in  caAdties  that  had  lasted  from  6  to 
18  inonths  tlian  in  those  of  longer  standing.  He  had  himself  achieved  partial 
success  AAuth  decortication  in  an  empyema  of  21  years’  standing,  and  he  had 
had  some  good  results  in  cases  AAdiich  had  lasted  for  16  years. ^ 

The  surgeons  in  the  Xoilh  African  theater  aaIio  first  performed  decortica¬ 
tion  for  organizing  hemothorax  originally  thought  that  a  ])eriod  of  at  least  8 
AA^eeks  should  elapse  from  AA’ounding  to  operation.  Their  reasoning  Avas  that 
clearing  of  the  pleural  space  Avould  occur  in  a  great  many  instances  AAdthin  this 
period.  It  ])roA'ed  fallacious  as  ai)plied  to  all  but  small  cavities.  EA’entually,  by 
the  trial- and-error  method,  it  Avas  found  that  the  optimum  period  for  operation 
in  uninfected  chronic  traumatic  hemothorax  Avas  betAveen  3  and  5  to  6  AA^eeks 
after  Avounding.  If  infection  occurred,  especially  if  it  Avere  of  the  rapidly 
developing  type,  operation  Avas  done  earlier. 

The  timing  Avas  logical  for  seA^eral  reasons : 

1.  If  operation  was  deferred  for  5  or  6  Aveeks,  many  patients  avIio  originally 
had  seemed  candidates  for  decortication  shoAved  satisfactory  resolution.  The 


“  Those  observer?:,  it  should  be  noted,  V’ere  dealing  with  the  type  of  empyema  associated  with  the 
pneumonias,  not  with  the  hemothoracic  variety  of  AA’'orId  AAhir  II. — F.  B.  B. 
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size  of  the  clot  played  a  part  in  this  decision.  In  perhaps  90  percent  of  all 
decortications,  the  intrapleural  clot  exceeded  1,000  cc.  in  volume.  It  was  not 
conceivable  that  a  mass  of  such  size  could  be  absorbed  within  5  or  6  weeks,  or 
even  within  a  much  longer  period. 

2.  In  uninfected  cases,  a  rind  less  than  3  weeks  old  was  usualiy  so  thin  and 
so  poorly  defined  that  it  had  to  be  willed  off  the  pleural  surface  or  strii^ped 
awa}^  piecemeal.  It  could  seldom  be  removed  in  toto,  as  was  desirable. 

3.  If  operation  was  postponed  for  more  than  5  or  6  weeks  after  wounding, 
the  increasing  cellular  intimacy  between  the  rind  and  the  visceral  pleura  made 
the  operation  technically  difficult.  By  the  fifth  or  the  sixth  week,  hemo- orga¬ 
nization  and  fibroplasia  had  advanced  to  the  point  at  which  the  membrane  was 
substantial  enough  to  be  handled  with  ease.  Extensions  into  the  pleural  and 
subpleural  tissues,  and  sometimes  complete  synecldae  between  tlie  rind  and  the 
pleura,  made  clean  separation  difficult  and  even  impossible,  and  tears  of  the 
lung  were  frequent. 

The  length  of  time  necessary  for  complete  definition  of  the  rind  varied  from 
patient  to  patient.  In  some  instances,  decortication  was  performed  successfully 
within  10  to  14  days  after  wounding.  At  the  other  extreme,  it  was  also  per¬ 
formed  successfully  from  12  to  14  weeks  after  wounding,  and  the  time  was 
extended  to  even  longer  periods  in  some  hospitals  in  the  Zone  of  Interior 
(p.  405) .  On  the  wliole,  the  best  results  were  obtained  within  3  to  5  or  6  weeks 
after  wounding. 

An  obvious  advantage  of  performing  decortication  early  in  uninfected 
organizing  hemotliorax  was  that  infection  was  prevented  at  the  same  time  that 
recovery  was  expedited.  The  tendency  to  infection  and  prolonged  disability 
in  organizing  hemothorax  weighed  heavily  in  the  decision  to  perform 
decortication. 

Since  the  optimum  time  for  decortication  was  within  3  to  6  weeks  after 
wounding,  evacuation  to  the  Zone  of  Interior  was  not  usually  possible,  and 
decortication  had  to  be  performed  on  most  patients  in  oversea  hospitals.  It  was 
preferably  performed  in  a  base  hospital  or  chest  center,  but  occasionally,  if 
fighting  had  slowed  down  and  evacuation  to  the  rear  was  delayed,  it  was  per¬ 
formed  in  an  evacuation  hospital. 

Preoperative  Preparation 

The  excellent  results  secured  by  decortication  in  World  War  II  might  lead 
those  unfamiliar  with  the  operation  to  conclude  that  it  was  not  major  surgery. 
The  conclusion  Avould  be  completely  unwarranted.  The  operation  was  always 
one  of  magnitude  and  was  never  performed  without  careful  preoperative 
preparation. 

Preoperative  measures  included ; 

1.  Identification  of  the  infecting  organism. 
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2.  Complete  roentgenologic  investigation,  to  determine  the  presence  of 
retained  foreign  bodies,  bronchopleural  fistulas,  lung  abscesses,  and  other  com¬ 
plicating  lesions. 

3.  Ee2:)lacement  therapy.  Daily  transfusions  Avere  giA^en,  in  amounts  of 
500  to  1,000  cc.,  until  the  hematocrit  level  Avas  40  or  higher. 

4.  jSTutrition.  The  nutritional  status  Avas  brought  to  as  near  normal  as 
possible  by  a  Idgh-caloric,  higli-protein  diet.  The  serum  protein  is  ahvays  Ioav 
in  any  condition  in  Avliich  proteins  are  lost  by  exudation,  and  plasma  infusions, 
as  Avell  as  a  protein  dietary  supplement,  AA^ere  therefore  employed  as  indicated. 

5.  Penicillin  therapy.  Penicillin  AA\as  gh^en  intramuscularly  in  amounts  of 
200,000  units  eA^ery  24  hours  (25,000  units  eA^ery  3  hours),  usually  for  48  to  72 
hours  before  ojAeration.  Some  patients  AAcre  a])parently  safely  prepared  in  24 
hours,  though  this  AA^as  probal)ly  not  long  enough  in  most  cases,  and  other 
patients  received  penicillin  for  14  daA^s  or  more,  AA'hich  Avas  usually  unnecessarily 
long.  It  Avas  useless  to  AA^ait  for  deferA^escence.  That  could  come  only  A\uth  the 
extirpation  of  the  infected  focus. 

All  of  these  measures  Avere  important.  Compromise  Avith  any  of  them 
Avould  have  put  the  morbidity  and  mortality  of  decortication  on  a  prohibit Aely 
high  basis.  The  unaA"ailal)ility  of  most  of  these  supplemental  measures,  as 
pointed  out  elscAvliere  (vol.  I),  furnishes  at  least  part  of  the  explanation  of  the 
poor  results  of  decortication  aaIicu  it  AA  as  first  employed. 

Principles 

The  principles  upon  Avhich  decortication  AA^as  based  Avere  as  folloAvs: 

1.  The  object  of  the  operation  Avas  to  peel  ofl‘  the  membrane  immediately 
overlying  the  visceral  pleura  and  to  remoA^e  all  blood  clot  and  fibrin  in  the 
pleural  cavity,  thus  permitting  complete  reexpansion  of  the  collapsed  hmg. 

2.  To  accompl ish  this,  adequate  exposure  Avas  essential . 

3.  The  first  step  of  the  procedure  aa^is  to  obtain  a  proper  plane  of  cleavage 
betAA^een  the  peel  and  the  Ansceral  pleura,  beginning  at  the  junction  of  the 
collapsed  lung  Avith  the  chest  AA’all  or  OA^cr  the  undamaged  portion  of  the  lung. 

4.  The  peel  Avas  removed  by  blunt  dissection,  carried  out  digitally  or  Avith 
gauze. 

5.  The  success  of  the  operation  depended  upon  complete  freeing  of  the  lung 
AAdierever  it  Avas  directly  adherent  to  the  thoracic  AA  all  and  the  mediastinum,  as 
AA’ell  as  along  the  fissural  margins,  so  that  com])lete  circumferential  reexpansion 
could  be  obtained.  The  apex  of  the  lung  had  to  be  freed,  so  that  it  AAmuld  fill 
the  cupola  of  the  pleural  cavity.  The  operation  could  not  be  regarded  as  a 
failure  if  the  dia2)hragm  aaus  not  decorticated  and  mobilized,  but  if  it  could  be 
released,  pulmonary  efficiency  Avas  greatly  enhanced.  Particular  attention  Avas 
paid  to  the  redevelopment  of  the  costophrenic  sulcus. 

6.  Generally  speaking,  the  greater  the  area  of  lung  decorticated,  the  better 
Avere  the  results. 
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T.  Bronchopleural  fistulas  had  to  be  closed,  especially  fistulas  in  tlie  upper 
pulmonary  lobe.  If  this  lobe  remained  collapsed,  the  operation  was  a  failure. 

8.  If  intrapleural  bleeding  occurred  and  complete  hemostasis  was  not 
obtained,  the  status  of  the  pleural  cavity  would  be  about  as  it  was  before  opera¬ 
tion.  It  was  best  to  leave  the  parietal  pleura  in  situ  if  stripping  it  seemed  likely 
to  cause  excessive  bleeding*.  The  membrane  in  this  area  was  thicker  and  more 
vascular  than  elseAvliere,  and  bleeding  in.  it  was  not  controlled  by  pulmonary 
resxpansion.  It  therefore  became  the  practice  to  leave  it  in  situ  in  most  cases, 
on  the  ground  that  removal  increased  the  surgical  risks  unnecessarily  and  did 
not  appreciably  increase  the  benefits  of  operation. 

Anesthesia 

Decortication  was  XDerformed  under  cyclopropane  or  nitrous-oxide-oxygen- 
etlier  anesthesia,  alv^ays  by  the  endotracheal  technique.  The  services  of  a 
trained  anesthesiologist,  experienced  in  thoracic  surgery,  were  mandatory. 

It  was  part  of  his  task  to  administer  blood  to  the  patient  during  the  opera¬ 
tion,  usually  in  the  amount  of  1,000  to  2,000  cc.,  according  to  the  indications.  It 
was  just  as  important  for  the  patient  to  leave  the  operating  room  with  the 
hematocrit  approximately  normal  as  it  was  for  it  to  be  raised  to  normal  level 
before  operation.  This  aspect  of  blood  transfusion  was  quite  as  essential  in  the 
end  results  of  decortication  as  was  its  shock-preventing  function. 

Bronchoscopy  was  practically  always  ]3erformed  at  the  end  of  the  opera¬ 
tion.  It  was  never  omitted  if  moisture  was  audible  after  catheter  aspiration  or 
if  pulmonary  reexpansion  had  been  difficult. 


TECHNIQUE  OF  DECORTICATION 

Management  of  unhealed  wounds. — Unhealed  wounds  on  the  hemolateral 
thorax  were  either  closed  before  decortication  was  undertaken  or  were  excised 
and  closed  just  before  the  incision  for  decortication  was  made.  If  the  two 
operations  were  done  at  the  same  sitting,  fresh  instruments  were  used  for 
decortication. 

The  detailed  technique  of  decortication  Avas  as  folloAvs : 

Incision  and  exposure. — The  patient  Avas  placed  in  the  lateral  decubitus 
position,  Avith  the  affected  side  uppermost.  A  posterolateral  intercostal  in¬ 
cision,  just  beloAv  the  angle  of  the  scapula,  Avas  most  often  employed  (fig.  99). 
It  usually  permitted  excellent  exposure,  Avithout  section  or  resection  of  any 
ribs.  There  Avas  no  serious  objection  to  removal  of  a  rib  posteriorly,  but  if  an 
anterior  incision  was  employed,  costal  resection  Avas  not  necessary.  Most 
decortications  Avere  done  Avithout  section  or  resection  of  a  rib  unless  preAfious 
surgery  or  comminuted  compound  fractures  made  it  advisable  to  remoAn  all  or 
part  of  one  or  more  (fig.  100) .  Exposure  Avas  usually  entirely  adequate  Avithout 
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Figure  90. — Tecliiiique  of  decortication.  Position  of  patient  on  operating  table  and 

site  of  incision. 


costal  mutilation,  and  intercostal  incision,  with  retraction  of  the  serratus 
anterior,  was  the  method  of  choice. 

Entrance  to  the  chest  was  usually  gained  through  the  sixth  intercostal 
interspace,  but  either  the  fifth  or  the  seventh  interspace  could  be  used  if  a  more 
generous  intrathoracic  exposure  was  thought  desirable  at  either  the  apex  or  the 
base.  Selection  of  the  incision  depended  somewhat  upon  the  individual  tho¬ 
racic  habitus  but  was  chiefly  dependent  upon  the  extent  and  the  location  of  the 
process  to  be  dealt  with. 

The  first  view  of  the  interior  of  the  chest,  after  the  retractors  had  been 
slowly  spread  and  full  exposure  had  been  secured,  was  of  varying  amounts  of 
liquid  or  clotted  blood,  fibrin,  or  purulent  exudate. 

Kelease  of  lung. — As  soon  as  the  pleural  cavity  was  entered,  the  lung  was 
freed  widely  from  the  parietal  X)leui\al  rind  about  the  region  of  the  incision. 
If  this  precaution  was  not  taken,  extensive  damage  to  the  lung  could  be  caused 
when  the  ribs  were  separated.  Great  caution  was  necessary  if  there  were  many 
adhesions. 

Since  the  lung  was  often  compressed  into  the  posterior  gutter,  much  of  the 
separation  at  this  point  was  behind  and  mesial  to  the  membranous  envelope. 
Since  the  peel  on  the  parietal  pleura  was  usually  left  in  situ  (p.  289),  it  was 
important  during  the  process  of  paraincisional  mobilization  of  the  lung  that 
the  ])roper  line  of  cleavage  be  established.  This  Avas  betAveen  the  layers  of  the 
fibroblastic  membrane  and  not  betAveen  the  pleura  and  the  peel  (fig.  Y9) . 

As  soon  as  the  necessary  dissection  had  been  accomplished,  rib  spreaders 
Avere  introduced  and  the  blades  Avere  Avidened  gradually.  It  Avas  important 
that  they  be  spread  gradually,  especially  if  a  rib  had  not  been  sectioned  or 
resected,  to  alloAV  for  muscular  relaxation  and  preA'ent  costal  fracture,  pleural 
tears,  and  muscle  a.Audsion, 

Exploration. — All  liquid  exudate,  fragments  of  blood  clot,  and  masses  of 
fibrin  Avere  e\'acuated,  and  all  loculi  Avere  broken  doAAm.  The  cavity  Avas  then 
carefully  examined  for  retained  foreign  bodies,  fragments  of  cloth  and  other 
debris,  and  bronchopleural  fistulas.  After  it  Avas  certain  that  a  fistula  did  not 
exist,  the  cavity  Avas  thoroughly  irrigated  Avith  physiologic  salt  solution. 

rurther  inspection  Avas  then  undertaken.  All  anatomic  landmarks  Avere 
obliterated,  and  the  underlying  lung  AA-as  relatively  immobile.  Typically,  the 


HEMOTHORAX  AND  HEMOTHORACIC  EMPYEMA 


291 


Eiguke  100.^ — Techniques  of  decortication  showing  alternate 
methods  of  entering  pleural  cavity:  Intercostal  incision  (a),  and 
rib  resection  (b).  The  sixth  intercostal  space  was  the  most  com¬ 
mon  site  of  entrance  into  the  pleural  cavity  for  decortication. 

inner  or  younger  surface  of  the  peel  had  a  brownisii-red  surface,  Avith  tlie 
appearance  of  shagreen  leather.  The  contours  Avere  smooth. 

Decortication. — The  first  step  of  decortication  was  a  sharp  incision 
through  the  fibroblastic  membrane  doAAUi  to  the  Adsceral  pleura  (fig.  101). 
This  step  AA^as  facilitated  if  the  anesthesiologist  used  moderate  positiAn  pressure, 
to  brace  the  lung  against  the  incision.  The  incised  edges  of  the  membrane  Avere 
grasped  by  forceps  and  decortication  Avas  begun.  As  soon  as  the  peel  Avas  com¬ 
pletely  disru23ted  in  any  segment,  herniation  of  the  underlying  lung,  under 
pressure,  through  the  incision  demonstrated  the  desired  plane  of  cleaA-age 
(fig.  102) . 

Once  a  cleaAuige  plane  had  been  established  between  the  organizing  peel 
and  the  Adsceral  pleura,  dissection  Avas  continued  digitally,  or  Avith  small,  firmly 
packed  gauze  pushers,  or  Avith  small  bronchoscopic  sponges  attached  to  long 
hemostatic  forceps  (fig.  103).  The  main  pressure  Avas  alAA'ays  directed  toAvard 
the  rind.  If  the  fingers  Avere  used,  the  x:)almar  surfaces  Avere  turned  toAvard  the 
rind,  and  dissection  Avas  accomplished  by  saa  eeping  motions.  The  pleura  under¬ 
lying  the  peel  Avas  nearly  ahvays  thin,  transparent,  and  expansile,  and  beginning 
reexpansion  of  the  lung  could  be  obseiw^ed  almost  as  soon  as  the  regional  peel 
Avas  released. 

Oozing  AA^as  likely  to  be  considerable  from  the  Adsceral  pleura,  because  of 
the  numerous  capillaries  torn  during  the  dissection  and  the  gaping  ends  left  on 
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Eigtjke  103. — Technique  of  decortication.  Removal  of  peel  by 
blunt  dissection.  At  this  point  in  the  operation,  nearly  all  of  the 
peel  has  been  dissected  free  from  visceral  pleura  and  elevated. 

Exi>osed  pleura  is  g'rossly  normal,  as  is  lung. 

the  pleural  surface.  It  could  usually  be  controlled  warm,  moist  packs, 
supplemented  by  o*entle  pulmonary  expansion  under  positive  pressure. 

If  the  peel  was  several  weeks  old,  it  was  usually  laminated,  and  great  care 
had  to  be  taken  that  the  pleura  was  exposed  in  every  area  and  that  no  lamina¬ 
tions  were  left  in  situ.  Eeexpansion  was  inhibited  if  this  precaution  was 
omitted.  These  scattered  islands,  while  thin,  were  surprisingly  tough,  and  their 
removal  was  essential,  for  they  caused  crossings  and  infoldings  of  the  lung  that 
materially  hampered  complete  pulmonaiy  reexpansion.  Crosshatching  of  the 
membrane,  with  piecemeal  removal,  was  not  a  satisfactoiy  substitute.  If  is¬ 
lands  of  thin,  tough  membrane  remained  in  situ  after  removal  of  the  primary 
peel,  the  correct  procedure  was  to  remove  them  separately. 

I)ecorti(*ation  was  carried  to  the  edge  of  the  collapsed  lung,  where  the  peel 
was  reflected  onto  the  parietal  pleura.  After  the  fissures  and  apex  had  been 
freed,  the  lung  was  se])arated  from  the  diaphragm,  mediastinum,  and  peri¬ 
cardium,  down  to  the  hilus  and  the  pulmonary  ligament.  This  was  another 
extremel}^  important  step  of  the  procedure. 

The  diaphi-agm  was  almost  always  elevated  and  fixed.  If  it  could  not  be 
decorticated  com2)letely  without  difficulty,  it  was  freed  circumferentially  and 
thus  mobilized.  Decortication  was  never  omitted  if  dia2:>hragmatic  disriq^jtion 
or  fistula  formation  was  suspected. 

740_n41'-— 65  - . -21 
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ITgi  ke  104. — Teeliiiique  of  clecortioation.  Lung-  completely  lil)er- 
ated.  When  inflated  by  positive^  pressure,  it  tills  the  heniithorax. 


The  costopliieiiic  and  cardiophrenic  sulci  were  examined,  to  make  sure  that 
they  were  free  of  clots  and  membrane.  Their  reestablishment  increased  the 
motion  of  the  diaphragm  and  aided  in  pulmonary  reexpansion. 

As  already  mentioned,  no  attempt  was  made  to  remove  membrane  adherent 
to  the  parietal  pleura  because  of  the  risk  of  bleeding  (p.  290) .  The  costal  seg¬ 
ment  of  peel,  howex^er,  was  scraped  and  scrubbed  Avith  gauze,  to  remoA^e  fibrin 
and  to  proA'ide  a  smooth  surface.  Great  care  Avas  taken  in  decorticating  the 
fissural  margins,  about  fistulas,  and  at  the  sites  of  healed  pulmonary  lacerations. 
Transdiaphragmatic  fistulas  Avere  excised  and  closed. 

Management  of  the  lung.— After  the  initial  release  of  the  lung,  it  was 
expanded  at  intervals  throughout  the  operation  under  increased  positwe  pres¬ 
sure.  This  gradual  method  Avas  preferable  to  attempts  at  sudden,  complete  re- 
expansion  at  the  end  of  the  operation.  Such  attemp)ts  Avere  ahvays  ill-advised 
and  could  be  harmful. 

The  visceral  pleura  Avas  kept  moist,  and  atelectatic  areas  of  the  lung  AA^ere 
gently  stroked  as  it  Avas  reexpanded.  As  a  rule,  the  lung  almost  completely 
filled  the  pleural  caAnty  before  the  chest  Avas  closed  (fig.  104:),  though  it  was 
sometimes  necessary  to  rearrange  the  lobes  before  they  occupied  their  normal 
positions. 

After  the  lung  had  been  completely  freed,  an}’'  necessary  pulmonaiw  sur¬ 
gery  AA'as  carried  out.  Although  every  effort  Avas  made  to  protect  the  Ausceral 
pleura,  it  Avas  almost  impossible  to  aA'Oid  small  tears  and  areas  of  traumatism. 
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Figure  105.^ — ^Maiiagement  of  clotted  liemotliorax  by  decortication.  A.  Post- 
eroanterior  rocntg’enogTani  showing  massive  clotted  heiiiotliorax  on  right  aftei 
4  ^veeks  of  observation  without  improvement.  B.  Same,  4  weeks  after  primary 
decortication.  There  is  no  residual  hemothorax.  Foreign  bodies  are  in  chest  wall. 

The  leaks  were  plugged  Avith  hbriii  foam  or  repaired  AAutli  interrupted  sutures 
of  fine  silk  on  atraumatic  needles.  If  tears  Avere  OA^erlooked,  or  if  x>hig'S  hnd 
i^ei^airs  Avcre  not  completely  successful,  the  multiple  drainage  proAuded  at  the 
end  of  the  operation  could  be  depended  upon  to  maintain  expansion  until  the 
openings  AA^ere  occluded. 

Single  superficial  fistulas  AA^ere  closed  after  the  edges  had  been  freshened. 
Long  sinus  tracts  AA^ere  laid  open  as  far  as  possible,  and  the  lining  membrane 
AAns  curetted  before  the  lung  Avas  closed  in  layers.  Superficial  closure  of  sinus 
tracts  Avas  not  adequate. 

Rib  fragments  in  the  lung,  foreign  bodies  in  the  chest  AAaill  (figs.  105  and 
lOG)  and  lung,  and  indrLen  rib  fragments  AAxre  also  removed  if  their  size  Avar- 
ranted  it  or  if  they  Avere  readily  accessible.  It  Avas  seldom  possible  to  identify 
intrapuhnonary  foreign  bodies  AAdiile  the  lung  Avas  still  compressed  by  the  rind 
of  an  organizing  hemothorax,  but  they  could  usually  be  located  and  remoA^ed 
Avithout  difficulty  after  decortication  (fig.  107) . 

Infected  hematomas  and  lung  abscesses  Avere  usually  opened,  and  the 
necrotic  lining  membrane  Avas  dissected  free  and  removed.  The  remaining  dead 
space  Avas  obliterated  by  closure  in  layers  Avith  fine  silk,  nylon,  or  cotton. 

A  routine  search  for  areas  of  infolding  (p.  183)  Avas  carried  out  at  the  con¬ 
clusion  of  all  decortications.  Exploration  Avas  particularly  necessary  Avhen, 
although  the  pleura  appeared  grossly  normal,  the  lateral  fringe  Avas  abnormally 
blunt  or  the  lingula  Avas  unusually  short  or  a  loAver  lobe  Avas  relativeh'  small. 

In  all  correctly  performed  decortications,  the  lung  Avas  freed  from  its  points 
of  attaclnnent  along  the  parietal  or  the  diaphragmatic  pleura:  Avhen  this  had 
been  accomx)lished,  areas  of  infolding  Avere  promptly  evident.  The  freeing 
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Figuiie  10(3.— Miliiageineiit  of  inassivo  liquid  lieiiiothoracic  onipyeina.  A.  Po.st- 
eroaiilerior  roeiitgeiiogram  showing  liemotlioracic  process  in  left  hem i thorax.  B. 
Same.  4  weeks  after  primary  decortication.  Foreign  bodies  are  in  chest  wall. 
Complete  cure  resulted. 


U 
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Figure  107. — Technique  of  decortication.  A.  Dissection  of  rind  over  upper  lobe  of  lung. 
B.  Lung  incised  over  foreign  body  which  has  been  fixed  by  finger  compression. 
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of  points  of  attaclnnent  between  the  visceral  and  parietal  surfaces  at  the  costo- 
phrenic  fringe  might  not  permit  unfolding  of  the  involved  fringe  if  basal 
distortion  was  extensive.  In  sucli  a  case,  there  might  also  be  a  symphysis  be¬ 
tween  the  opposed  diaphragmatic  surfaces  of  the  visceral  pleura.  The  attach¬ 
ment  of  one  visceral  surface  to  another  Avas  usually  much  less  finn  than  the 
attachment  between  visceral  and  parietal  surfaces.  The  surgeon,  therefore, 
could  readil}^  slip  his  finger  into  the  groove.  Here  it  Avould  encounter  an  intra¬ 
pleural  tunnel,  covered  only  by  a  AT;il  of  thin  adhesions.  Release  of  these 
adhesions  permitted  unfolding  of  the  invohTd  portion  of  the  lung  and  restora¬ 
tion  of  its  normal  contour. 

Complete  reexpansion  of  the  lung,  Avith  obliteration  of  intrapleural  dead 
space,  Avas  the  best  possible  insurance  against  a  complicating  empyema.  Any 
compromise  AA\ith  this  ideal  aa^is  an  iiiA^itation  to  failure.  An  operation  that 
ended  Avithout  bringing  the  lung  into  absolute  contiguity  AAuth  the  chest  Avail 
and  AAdthout  making  certain  that  it  remained  there  had  failed  to  achieA^e  its 
purpose.  It  Avas  a  hillacy  to  assume  that  half  measures  in  this  direction  Avould, 
by  the  generous  intervention  of  Providence  or  something  else  equally  unlikely, 
result  in  cure.  Unless  a  complete  operation  Avas  performed,  the  patient  might 
be  left  in  a  situation  only  slightly  more  faAmrable  than  his  original  state. 

Final  steps. — ^lAlien  all  of  these  procedures  had  been  accomplished,  the 
inner  thoracic  AAnlls  AA^ere  carefully  inspected  and  palpated,  to  be  certain  that 
their  surfaces  Avere  perfectly  smooth.  Tags  and  cuffs  of  tissue  Avere  removed 
as  they  Avcre  encountered ;  tliey  encouraged  pocketing  and  the  creation  of  dead 
space. 

Tavo  or  three  of  the  intercostal  nerves  aboA^e  and  beloAv  the  incision  Avere 
injected  Avith  procaine  hydrochloride  solution  (1-  or  2-j)ercent).  The  pleural 
cavity  Avas  thoroughly  lavaged  AAnth  at  least  1,000  cc,  of  physiologic  salt  solu¬ 
tion  and  then  Avas  dried  by  aspiration.  After  it  Avas  certain  that  it  Avas  empty 
and  tliat  there  AA^ere  no  bleeding  points,  the  lung  Acas  brought  gradually  to 
complete  expansion  and  then  Avas  tested  again  for  air  leaks. 

Modifications  of  technique. — The  technique  just  described  Avas  folloAved 
in  most  decortications.  Some  surgeons  varied  it  in  small  details.  Thus,  some 
thought  it  essential  to  free  that  xwrtion  of  the  lung  AAdiich,  AAdiile  not  encased, 
AA^as  slightly  adherent  to  the  chest  Avail  beneath  the  reflection  of  the  peel  to 
the  surface  of  the  parietal  pleura  or  Avas  adherent  to  the  diaphragm  and  the 
mediastinmn.  An  occasional  surgeon  removed  all  three  elements  forming  the 
capsule  of  the  pleural  pocket;  that  is,  the  visceral,  diaphragmatic,  and  parietal 
elements.  When  this  technique  Avas  folloAved,  the  Ausceral  element  Avas  com¬ 
pletely  remoA^ed  before,  by  a  return  to  the  original  incision,  a  plane  of  cleavage 
AA’as  found  betAA'Cen  the  parietal  element  and  the  chest  AA^all.  The  separation, 
Avhich  Avas  quickly  accomplished  Avith  the  finger  or  a  blunt  instrument,  Avas 
continued  until  the  preAnous  field  of  dissection  aaus  encountered  along  the  line 
at  Avhich  the  visceral  element  Avas  reflected  onto  the  parietal  pleura. 
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Drainage. — Tlie  sites  for  drainage  were  selected  Avitli  the  aim  of  obliterat¬ 
ing  dead  space  and  maintaining  pulmonary  expansion.  Soft  rubber  tubing, 
with  an  internal  diameter  of  10  mm.,  was  used  in  all  areas  except  the  second 
interspace.  Here,  a  de  Pezzer  catheter  (No,  12  or  No.  Id)  was  used.  The  tip 
of  the  catheter  Avas  cut  off,  so  that  just  the  flange  remained,  and  the  tube  AA^as 
brought  out  anteriorly  in  the  midclaAucular  line.  A  second  drainage  tube 
AA’as  used  in  the  eighth  interspace  in  the  posterior  axillary  line.  It  AA^as  in¬ 
troduced  for  244  or  3  inches,  and  the  proximal  end  aauis  tacked  to  the  parietal 
pleural  AAxall,  about  6  cm.  from  the  skin  surface,  by  a  single  silk  suture.  In 
infected  hemothorax  or  empyema,  a  third  tube  AA\as  used  in  the  fifth  or  sixth 
interspace  in  the  inidclaA^icular  line,  and  a  fourth  tube  Avas  sometimes  used  in 
the  seA^enth  interspace  in  the  inidclaAdcular  line. 

If  there  had  been  a  previous  rib  resection  for  drainage,  the  site  of  election 
for  the  posterior  drainage  tube  usually  corresponded  Avith  the  site  of  preAuous 
drainage.  In  such  cases,  the  margins  of  the  Avound  Avere  freshened,  the  tube 
introduced  through  it,  and  airtight  closure  accomplished  about  it.  The  drain¬ 
age  tube  introduced  at  the  first  operation  Avas  sometimes  remoA’'ed  3  or  4  days 
before  decortication,  in  anticipation  of  this  procedure. 

Closure. — Closure  Avas  accomplished  in  layers  after  the  lung  Avas  com¬ 
pletely  Avithin  the  chest.  Sutures  Avere  placed  in  the  inner  layer  of  tlie  incision 
but  Avere  not  tied  until  the  ril)s  had  lieen  approximated  Avith  lion- jaAved  forceps 
or  retractors.  Pericostal  sutures  Avere  not  used. 

Local  penicillin  instillation. — Penicillin  solution,  in  roughly  equal 
amounts,  Avas  introduced  into  each  drainage  tube  in  infected  cases.  Each  cubic 
centimeter  of  the  solution  contained  1,000  units  of  penicillin.  The  total  amount 
used  Avas  from  25,000  to  50,000  units  in  100  to  200  cc.  of  physiologic  salt  solu¬ 
tion.  All  tubes  Avere  clamped  AAlien  the  patient  left  the  operating  room.  The 
posterior  tube  Avas  kept  clamped  for  4  to  6  hours,  to  permit  contact  betAveen 
the  penicillin  and  the  tissues  for  this  i)eriod  of  time.  The  other  tubes  AA^ere 
connected  Avitli  Avater-seal  bottles  as  soon  as  the  patient  Avas  placed  in  bed. 


POSTOPERATIVE  MANAGEMENT  AFTER  DECORTICATION 

General  measures. — The  postoperative  management  of  a  patient  aaIio  had 
undergone  pulmonary  decortication  Avas  much  the  same  as  tlie  regimen  insti¬ 
tuted  after  any  other  major  tlioracic  operation,  Tlie  reaction  to  operation  Avas 
usually  minima],  and  the  temperature  and  the  pulse  remained  generally  level 
in  most  cases  (fig.  108) .  EA^en  if  empyema  recurred,  the  temperature  eleA^ation 
Avas  usually  minimal. 

Replacement  therapy,  in  the  form  of  blood,  plasma,  or  dextrose  infusions, 
Avas  employed  as  necessary  in  each  case.  Return  to  a  full  diet,  high  in  calories 
and  protein,  Avas  usually  jiossible  Avithin  24  hours  after  operation. 
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As  soon  as  he  had  fully  reacted,  the  patient  Avas  elevated  on  a  backrest, 
and  the  importance  of  deep  breatliing,  foi’ced  expiration,  and  voluntary  cougli- 
ing,  vdiich  had  been  explained  to  him  before  operation,  was  reiterated.  These 
were  all  essential  measures  in  the  maintenance  of  pulmonary  reexpansion. 

Many  surgeons  regarded  early  ambulation  as  an  important  phase  of  the 
postoperative  regimen.  Some  failures  after  decortication,  in  fact,  were  attrib¬ 
uted  to  the  immobility  required  by  management  of  fractures  of  the  extremities 
in  traction.  Thereafter,  orthopedic  surgeons  were  requested  to  manage  these 
injuries  in  some  Avay  that  would  permit  movement  about  the  bed,  at  least. 

Postural  consciousness  was  stressed  during  the  period  of  bed  rest,  and 
motion  of  the  shoulder  and  arm  was  encouraged  in  the  early  postoperative 
period,  before  formal  exercises  were  begun.  Pet  urn  to  full  acdT'ity  "wus  as 
rapid  as  was  consistent  witli  progress. 

Penicillin  therapy. — Intramuscular  injections  of  penicillin  were  given  by 
the  dosage  schedule  used  before  operation  until  the  drainage  tubes  haul  been 
removed  and  the  patient  had  been  afebrile  for  at  least  2  or  3  days.  This  usually 
required  that  it  be  given  for  10  to  14  days  after  operation. 

Drainage. — Tlie  drainage  tubes  required  close  supervision.  They  were 
useful  only  as  long  as  they  functioned  to  maintain  pulmonary  reexpansion  and 
to  obliterate  intrapleural  dead  space.  They  were  essential  for  these  purposes. 
Once  these  purposes  had  been  achieved,  the  tubes  simply  acted  as  unnecessary 
foreign  bodies.  If  the  tubes  had  been  placed  correctly  and  hemostasis  had  been 
satisfactory,  so  that  there  Avas  no  undue  oozing,  it  Avas  only  occasionally  that 
any  trouble  Avas  encountered  in  maintaining  satisfactory  drainage. 

If  a  fistula  developed,  the  anterior  tube  Avas  kept  in.  place  as  long  as  the  air 
leak  persisted,  Avhich  might  sometimes  be  as  long  as  from  10  to  14  days.  In 
none  of  these  cases  did  intrapleural  infection  develop. 

Complications. — Tiecovery  Avas  usually  Avithout  incident,  but  fistulas  and 
empyemas  or  recurrent  empyemas  AAnre  occasionally  encountered.  The  Ioav 
incidence  of  postoperatiA^e  empyema  Avas  attributed  both  to  good  surgery  and 
to  peni  cil  lin  p  rotect  i  on . 

If  infection  developed,  as  shoAvn  by  a  change  from  serous  to  purulent 
drainage,  the  postoperative  empyema  Avas  usually  basal  and  small.  Dependent 
drainage  Avas  instituted  at  once.  After  a  2-inch  resection  of  the  eighth  rib,  a 
large  airtight  tube  Avas  inserted  in  the  posterior  axillary  line  and  Avas  attached 
to  a  Avater-seal  bottle,  to  x:u‘eA'ent  secondary  collapse  of  the  luno-, 

DECORTICATION  IN  EMPYEMA  OF  NONTRAUMATIC  ORIGIN 

The  experience  Avith  decortication  in  postpneumonic  empyema  in  World 
War  II  Avas  limited,  one  reason  being  (table  14)  that  the  number  of  such  cases 
Avas  limited. 

I  he  rationale  of  the  use  of  this  operation  in  this  A"ariety  of  empyema  AAxas, 
hoAveA'er,  entirely  clear.  If  one  compares  the  description  of  the  histologic 
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appearance  of  the  fibriiiofibroiis  membrane  in  such  cases  in  orld  War  I  (£) , 
it  is  evident  tliat  there  is  little  difference  bet^yeen  it  and  the  membrane  observed 
in  the  posttranmatic  empyemas  of  World  War  II.  This  siinilarity,  together 
with  the  fact  that,  at  least  in  the  early  stages  of  postpneumonic  empyema,  the 
pleura  is  essentially  normal,  suggested  the  use  in  "W  orld  War  II  of  decortica¬ 
tion  in  early,  carefully  selected  cases  of  subacute  or  im];)ending  chronic  post- 
pneumonic  empyema.  When  the  indication  for  surgery  was  total  or  subtotal 
empyema  with  collapse  of  the  apex,  loculation  of  the  exudate  was  a  further 
reason  for  considering  decortication. 

The  thoracic  surgeons  who  revived  decortication  in  World  War  II  believed 
that  it  would  be  technically  possible  to  employ  it  in  early  or  subacute  tuber¬ 
culous  empyema,  but  their  Avartime  experiences  provided  no  opportunity  to 
test  the  theory.  It  Avill  be  remembered  that  decortication  had  been  originally 
used  by  Delorme  (10)  in  1893  for  a  '^tuberculous”  abscess  of  the  chest  Avail  Avith 
intrapleural  extension  (Auff.  I). 

Although  postpneumonic  empyema  Avas  only  a  minor  problem  in  World 
War  II,  enough  of  it  Avas  observed  to  evaluate  the  role  of  penicillin  in  its  man¬ 
agement  during  the  acute  stage.  Observations  at  the  various  thoracic  centers 
shoAved  that  this  agent  Avas  a  Auiluable  adjunct,  but  that  it  did  not  take  the  place 
of  adecpiate  surgical  drainage  or,  in  the  selected  cases  just  mentioned,  of 
decortication. 

SPECIAL  STUDIES  OF  PULMONARY  DECORTICATION 

Ap])roximately  1,500  pulmonary  decortications  Avere  performed  in  the 
jMediterranean  and  European  theaters  during  World  War  II  on  the  Acirious  indi¬ 
cations  outlined  earlier  in  this  chapter  (p.  281).  It  is  knoAvn  that  the  surgical 
mortality  rate  Avas  less  than  2  percent.  Lack  of  facilities  and  the  general  cir¬ 
cumstances  of  Avartime  prevented  a  folloAVup  of  these  patients,  but  analyses  of 
several  series  sIioav  that  superior  results  AA^ere  obtained.  There  Avas  no  doubt 
that  decortication  gaA^e  better  results  than  methods  used  earlier.  There  was 
also  no  doubt  that  the  results  in  primary  decortication  Avithout  drainage  Avei-e 
much  better  than  the  results  of  secondary,  postdrainage  decortication  (p.  310). 

As  already  pointed  out  (p.  240),  the  incidence  of  empyema  in  the  Mediter¬ 
ranean  theater  Avas  far  loAver  tlian  even  the  most  optimistic  had  dared  to  hope. 
The  very  faAmrable  rate  Avas  the  result  of  a  totally  integrated  program  of 
management  of  chest  Avounds  that  reflected  credit  on  all  echelons  of  medical 
care,  particularly  forAvard  echelons. 

The  reduction  in  the  incidence  of  iDosttraumatic  empyema  as  the  Avar 
progressed  could  not  be  attributed  to  any  single  therapeutic  advance.  Instead, 
it  Avas  due  to  a  combination  of  improvements.  The  most  important  of  these  was 
the  increasing  emphasis  put  upon  adequate  debridement  of  chest  Avounds  and 
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Figx:ke  100. — Comparative  results  of  management  of  empyiaiia  in  AN'orhl  Wars  I  and 
II.  A.  Typical  patients  ^vitll  chronic  empyema  in  Zone  of  Interior  hospitals  in  IVorld 
War  I  (2). 


upon  early,  rapid,  vigorous  ex  acuation  of  tlie  pleural  cavity  and  prompt  reex- 
paiision  of  tlie  lung.  Anotlier  extremely  important  consideration  was  the  de¬ 
crease  in  the  number  of  ill-advised  thoracotomies  in  forward  areas.  The 
acceptance  of  the  concept  that  a  hemothorax  is  for  all  practical  purposes  a 
hematoma  carried  with  it  an  implied  ivarning  ns  to  how  to  avoid  pleural  se])sis, 
a  warning  that  eventually  was  ividely  heeded.  Fewer  and  fewer  hemothoraces 
that  required  multiple  aspirations  were  encountered  in  base  hospitals  in  the  last 
3^ear  of  the  war.  The  use  of  pencillin  in  fomvard  areas  no  doubt  favorably 
influenced  the  empyema  statistics,  but  good  surgery  was  the  chief  explanation 
of  the  improvement. 

In  base  hospitals,  the  proper  management  of  large  clotted  hemothoraces  fur¬ 
ther  tended  to  reduce  significantl}'  the  incidence  of  empyema.  The  prophylaxis 
of  chronic  empyema  was,  in  fact,  one  of  the  most  important  functions  of  a  chest 
center.  Early  pulmonary  decortication  was  of  great  value  in  accomplishing 
this  purpose  as  well  as  in  curing  empyema  that  liad  become  established. 
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Figuhe  100.— Continued.  R.  Typical  IVorld  IVar  II  ea.sualties  after  primary  de¬ 
cortication  for  posttrauinatic  empyema.  In  each  of  these  cases,  recovery  was  without 
complications,  and  patients  were  left  with  no  residual  disabilities. 


The  most  striking  and  most  convincing  evidence  of  the  value  of  decortica¬ 
tion  was  the  almost  total  elimination  of  the  group  of  unfortunate  victims  of 
World  War  I  (fig.  109 A)  who  spent  the  post  bellum  years  doggedly  undergoing 
one  major  surgical  procedure  after  another  or  living  through  a  shortened  life¬ 
span  of  chronic  invalidism  due  to  recurrent  episodes  of  suppuration.  Wany  of 
the  casualties  treated  by  decortication  in  World  War  II  (fig.  109B)  were  sent 
back  to  full  duty,  and  a  considerable  saving  in  human  sufiering  as  well  as  in 
military  manpower  was  thus  effected. 

Criteria  of  cure. — Several  criteria  of  cure  were  set  up  in  decortication 
for  organizing  hemothorax,  infected  hemothorax,  and  liemothoracic  empyema: 

1.  The  lung  must  be  fully  expanded  at  operation  or  within  2  weeks  there¬ 
after  and  the  pleural  cavity  must  be  completely  obliterated  witliin  2  weeks  of 
operation,  as  demonstrated  by  roentgenologic  evidence  (figs.  110,  111,  112,  and 
113)  and  by  cessation  of  fluctuation  in  the  water-seal  drainage  apparatus. 

2.  There  must  be  no  clinical  or  roentgenologic  evidence  of  occurrence, 
persistence,  or  recurrence  of  empyema  during  the  period  of  postoperative 
observation,  which  ranged  from  4  to  12  weeks, 

3.  There  must  be  no  evidence  of  embol  ic  spread  of  infection. 
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Earliest  Operations 

An  analysis  of  tlie  first  25  decortications  performed  in  North  Africa,  all 
by  surgeons  of  the  2d  Auxiliary  Surgical  Group,  showed  that  all  the  patients 
were  seriously  ill  and  that  the  outlook  in  many  of  them  was  distinctly  unfavor¬ 
able.  The  single  death  in  the  series  occurred  8  weeks  after  operation  and  was 
not  related  to  it.  In  spite  of  the  gloomy  prognosis,  there  were  18  primary 
cures.  In  every  instance,  the  temperature  and  the  pulse  returned  to  normal 
leA^els  within  T  to  10  days  after  operation  and  there  they  remained.  At  the 
same  time,  there  was  a  striking  improA^ement  in  eA^ery  patient  in  general  ap¬ 
pearance,  in  appetite  and  nutrition,  in  a  rapidly  restored  sense  of  Avell-being, 
and  in  the  capacity  for  a  resumption  of  essentially  normal  actAity. 

One  of  the  five  recurrent  empj^emas  Avas  explained,  at  least  in  part,  by  the 
fact  that  the  patient  Avas  treated  in  traction  for  a  fractured  femur  and  Avas 
almost  completely  immobile  throughout  the  postoperative  course.  In  the  other 
four  patients  Avitli  empyema,  the  original  caAdties  Avere  greatly  reduced  in  size 
and  became  y)rogressively  smaller  during  the  period  of  observation  after 
operation. 

Of  the  24  survivors,  2  AA-ere  returned  to  full  duty  and  I  to  limited  duty  in 
the  theater,  Avitli  the  recommendation  that  their  status  be  revieAved  Avithin  90 
days.  The  other  15  AA^ere  eA-acuated  to  the  Zone  of  Interior,  5  because  of  recur¬ 
rent  empyema  and  2  because  of  concomitant  Avounds.  All  AAere  in  good 
condiiion  Avhen  they  left  the  theater. 

Decortication  at  the  21  st  and  300th  General  Hospitals 

An  analysis  of  125  decortications  performed  at  the  21st  and  rlOOth  General 
Hospitals  in  the  Mediterranean  theater,  betAveen  1  April  and  20  I)eceml)er  1944, 
shoAved  no  surgical  deaths  and  only  one  complete  failure  in  one  of  the  earliest 
cases.  There  AA^ei'e  no  instances  of  iiiA^asiAT.  infection,  and  the  only  tAA’o  Avound 
infections  AA'ere  superficial. 

Primary  healing,  Avith  complete  pulmonary  restoration,  occurred  in  oA  cr 
90  percent  of  the  cases  in  Avhich  the  lung  Avas  normal  at  operation.  The  same 
results  Avere  accomplished  in  just  over  75  percent  of  the  group  in  AAdiich  intra¬ 
pleural  infection  had  lieen  present  before  operation.  On  the  other  hand,  AAdien 
the  lung  Avas  involved  in  the  original  pathologic  process,  empyema  Avas  recur¬ 
rent  in  40  percent  of  the  cases.  Practically  all  of  the  recurrent  empyemas, 
liOAveA^er,  Avere  basal  and  small,  and  they  therefore  responded  Avell  to  rib  resec¬ 
tion  and  drainage.  It  seems  fair  to  say  that,  Avith  the  exceptioii  of  the  single 
complete  failure,  all  the  jYatients  in  this  series  Avho  did  not  obtain  a  primary 
cure  at  least  benefited  materially  from  decortication. 

Decortication  at  the  I2th  and  36th  General  Hospitals 

In  a  folloAA'up  study  of  140  of  the  160  decortications  performed  at  the  12th 
and  36th  General  ITospitals  in  the  IMediterranean  theater,  IMaj.  William  M. 
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Tuttle,  MC,  Capt.  (later  Maj,)  Hiram  T.  Langston,  MC,  and  Maj.  Eobert  T. 
Crowley,  JNIC,  published  the  following  data : 

There  Avere  no  deaths  in  the  140  patients  folloAA^ed  up,  and,  so  far  as  could 
be  determined,  there  Avere  no  deaths  in  the  20  not  folloAA^ed  up. 

In  the  140  patients  folloAA^ed  up,  the  hemothorax  AA^as  organized  but  not 
grossly  infected  in  89.  In  all  of  the  other  51  cases,  infection  either  AA^as  knoAAUi 
to  be  present  before  operation  or  AA^as  encountered  unexpectedly  at  operation. 
In  90  percent  of  the  total  (100)  series,  the  intrapleural  mass  exceeded  1,000  cc. 
in  Amlume. 

In  90  of  the  140  patients  folloAA^ed  up,  pulmonary  reexpansion  AA’as  complete 
Avithin  the  first  24  hours,  and  in  18  others,  it  Avas  complete  Avithiii  the  next  24 
hours.  TAventy-six  patients  required  72  hours  or  more  for  complete  reexpan¬ 
sion,  and  in  the  G  remaining  patients,  the  results  from  this  standpoint  AA^ere  not 
satisfactory. 

Of  the  89  patients  Avith  organizing  uninfected  hemothoraces.  8  developed 
empyema  after  decortication.  Most  of  the  infections  Avere  merely  small  pockets 
that  responded  readily  to  drainage.  All  Avere  either  completely  healed  AAlien 
the  patients  Avere  ewacuated  or  Avere  progressing  so  favorably  that  it  Avas 
thought  that  no  furtlier  surgery  AAmuld  be  necessary. 

Eecovery  Avas  Avithout  incident  in  25  of  the  51  patients  Avho  had  grossly 
infected  hemothoraces  before  operation.  In  23  cases,  small  residual  empyemas 
recurred,  ranging  in  volume  from  30  to  200  cubic  centimeters.  These  pockets, 
as  in  the  group  just  described,  Avere  either  completely  obliterated  before  the 
patients  Avere  eA'acuated  or  Avere  progressing  so  satisfactorily  that  no  further 
surgery  seemed  likely  to  be  required.  In  the  three  remaining  cases,  additional 
suro'crv  seemed  ineAutable. 

S' 

The  only  other  complications  in  the  series  Avere  two  Avound  infections.  Al¬ 
though  both  patients  had  had  preoperative  empyema  caused  by  Glostrklktm 
welcliii.  neither  infection  Avas  severe.  The  absence  of  serious  Avound  infections 
in  this  series  is  rather  remarkable  Avlieii  it  is  recalled  that  many  of  the  opera¬ 
tions  lasted  from  1  to  3  hours  and  that  the  infected  juaterial  traversed  the 
AVOund  during  most  of  this  time. 

Penicillin  became  aAuxilable  AATile  the  operations  in  this  series  Avere  in  prog¬ 
ress  and  Avas  used  in  TT  cases.  They  are  not  consecutive;  eA^en  when  restric¬ 
tions  on  its  use  Avere  remoA'cd,  it  Avas  employed  only  on  indications.  Of  the 
eight  patients  Avho  developed  empyema  after  decortication  of  a  presumably 
uninfected  organizing  hemothorax,  five  received  penicillin  during  the  imme¬ 
diate  postoperatAe  period  and  three  did  not.  All  25  lAatients  aaIio  recoA^red 
uneventfully  after  decortication  performed  in  the  presence  of  infection  receiAnd 
it,  AA^iich  suggests  the  value  of  this  form  of  therapy.  Sulfonamides  Avere  not 
used  in  any  case  in  the  series. 

The  duty  status  of  3  of  the  140  patients  Avas  not  knoAvn  Avhen  tlie  report 
Avas  made.  Six  AA^ere  returned  to  full  duty  and  64  to  limited  duty  in  the  theater, 
in  a  number  of  instances  Avith  the  recommendation  that  their  status  be  revieAved 


308 


THORACIC  SURGERY 


ill  90  clays.  Twenty-tliree  otliei*  men  could  have  been  returned  to  duty  in  tlie 
tlieater  as  far  as  tlieir  thoracic  wounds  were  concerned,  but  associated  wounds 
made  this  impossible.  The  remaining  44  patients  had  to  be  evacuated  to  the 
Zone  of  Interior  because  of  the  severity  of  their  chest  Avounds. 

Comparative  Results  of  Rib-Resection  Drainage  and  Decortication 

An  analysis  of  94  cases  of  liemothoracic  empyema  treated  by  surgeons  of 
the  2d  Auxiliary  Surgical  Group  after  the  indications  for  decortication  had 
been  stabilized  permits  a  comparison  of  the  results  obtained  in  liemothoracic 
empyema  by  rib-resection  drainage,  primary  decortication,  and  secondary 
decortication. 

Rib  resection  was  the  method  of  treatment  in  72  cases,  in  6  of  Avhich 
secondary  decortication  was  necessary  later.  The  other  22  patients  were  treated 
by  primary  decortication. 

Rib-resection  drainage.— Excluding  the  6  cases  in  which  rib-resection 
drainage  ivas  followed  by  secondary  decortication  and  Avhich  Avill  be  discussed 
separately  (p.  310),  66  patients,  5  of  wliom  died,  were  treated  by  rib-resection 
drainage. 

Of  the  66  patients,  59  had  small  or  moderately  large  empyemas,  many  of 
them  basal.  The  majority  still  had  small  residual  cavities  when  they  Avere 
evacuated  to  the  Zone  of  Interior,  but  progressive  obliteration  had  occurred,  and 
it  Avas  not  thought  that  any  of  the  patients  ayouIcI  require  further  surgery. 

The  other  seven  patients  had  massive  infections,  and  primary  decortication 
Avould  have  been  the  treatment  of  choice  liad  their  condition  permitted  it.  In 
some  cases,  their  serious  status  Avas  due  to  associated  Avounds  ratlier  than  to 
einiiyema.  Satisfactory  pulmonary  reexpansion  occurred  in  only  four  of  the 
seven  cases. 

In  one  of  the  three  failures,  a  large  fistula  in  tlie  right  main  bronchus 
opened  into  a  persistent  large  empyema  cavity.  The  fistula  Avould  ordinarily 
have  been  closed  and  secondary  decortication  performed,  but  an  associated 
laceration  of  the  dorsal  spine,  Avith  paraplegia,  made  the  prognosis  hopeless. 
In  the  tAvo  remaining  cases,  exploratory  thoracotomy  Avas  carried  out,  in  the 
hope  that  decortication  could  be  done,  but  in  both,  the  infectious  process  Avas 
already  chronic,  and  operation  Avas  not  considered  feasible.  All  three  initients 
Avere  evacuated  to  the  Zone  of  Interior,  Avith  recommendations  for  later  surgeiv. 

One  of  the  5  deaths  in  the  66  patients  treated  by  rib-resection  drainage  Avas 
caused  by  a  metastatic  brain  abscess,  AAdiich  is  one  of  the  hazards  of  empyema 
treated  by  this  method.  Tavo  deaths  Avere  due  to  overwhelming  pleural  infec¬ 
tion  secondary  to  esophagopleural  fistulas,  and  tAvo  AA^ere  due,  in  large  part,  to 
severe  associated  Avounds. 

Primary  decortication.— All  22  patients  avIio  underAvent  primary  decorti¬ 
cation  had  massive  involvement  of  the  pleural  cavity,  4  on  the  basis  of  liquid 
hemothoraces  and  18  on  the  basis  of  clotted  hemothoraces. 
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In  a  few  instances,  decortication  had  to  be  deferred  longer  than  was  con¬ 
sidered  desirable  because  of  the  graxhty  of  associated  extrathoracic  wounds. 
In  one  case,  the  delay  was  63  days.  One  or  two  patients  did  not  come  under 
observation  until  more  than  a  month  after  Avonnding.  Excluding  these 
patients,  the  timelag  betAveen  Avounding  and  decortication  ranged  from  Y  to  31 
days  and  aA^eraged  20  days.  This  timelag  included  a  purposeful  delay  of  2  to 
4  days  after  the  diagnosis  of  empyema  Avas  made,  to  prepare  the  patients  for 
operation. 

The  results  in  these  22  decortications  Avere  as  folloAA^s : 

A  prompt  cure  Avas  obtained  in  18  cases,  in  16  of  Avliich  the  empA'ema  had 
originated  in  clotted  hemothoraces.  Included  in  these  18  cured  patients  AA'ere 
2  AA'ho  liad  small  lung  abscesses,  each  of  Avhich  Avas  associated  AAuth  a  foreign 
body  and  a  bronchopleural  fistula  at  the  site  of  the  abscess.  In  each  instance, 
the  foreign  body  Avas  removed  at  decortication,  the  Avails  of  the  abscess  excised, 
and  the  residual  defect,  including  the  fistula,  closed  in  layers.  There  Avere  no 
postoperative  complications  in  either  case. 

In  the  four  remaining  cases  in  AAdiich  primary  decortication  Avas  done, 
there  Avas  a  postoperatiA^e  recurrence  of  empyema.  All  four  patients  Avere  then 
treated  by  rib-resection  drainage,  Avith  the  folloAAung  results: 

In  tAvo  cases,  the  i-ecurreut  cavity  AA^as  small,  and  in  both  instances,  it  Avas 
almost  completely  obliterated  AAdien  the  patients  Avere  evacuated  to  the  Zone  of 
Interior.  One  of  these  patients  had  a  late  broiichopleural  fistula,  which  closed 
spontaneously.  It  Avas  not  thought  that  additional  surgery  Avould  be  necessary 
in  either  instance.  Why  the  emp^^ema  recui^red  in  these  tAxm  cases  is  not  clear, 
for  in  both,  complete  expansion  of  the  lung  Avas  obtained  at  operation. 

In  the  third  case,  the  cause  of  the  recurrence  Avas  readily  apparent.  A 
large  lung  abscess  Avas  found  at  operation,  surrounding  a  large  foreign  body 
and  also  the  site  of  a  bronchopleural  fistula.  To  excise  the  abscess  completely 
Avould  have  required  lobectomy,  and  the  patient's  condition  aauas  too  critical 
for  such  radical  surgery.  The  fistula  Avas  closed,  but  the  infection  AA'as  not 
eliminated,  and  recurrence  Avas  regarded  as  inevitable.  The  recurrent  cavity 
Avas  small,  but  the  closTire  of  the  hstula  broke  doAvn,  and  further  surgery  Avould 
be  necessary  in  the  Zone  of  Interior. 

In  the  fourth  case,  the  cause  of  the  recurrence  Avas  also  apparent.  This 
patient  had  a  large  lung  abscess.  It  involved  almost  half  of  the  loAver  and 
middle  lobes  on  the  right  side  and  Avas  also  the  site  of  a  bronchopleural  fistula. 
Partial  lobectomy  AA^as  performed  on  each  of  the  affected  lobes,  and  the  fistula 
Avas  closed.  The  remaining  lung  reexpanded  normally  after  decortication,  but 
the  recurrence  Avas  expected  because  of  the  large  amount  of  dead  space  left  after 
lobectomy.  Both  the  original  and  the  recurrent  infections  Aveie  caused  by 
EschericMa  coll.  The  patient  Avas  seriously  ill,  and  it  Avas  debatable,  before  the 
first  operation,  AAdiether  primary  decortication  or  rib-resection  drainage  should 
be  performed.  Pie  did  not  improA^'e  after  decortication  and  lobectomy,  and  death 
occurred  on  the  30th  postoperative  day,  from  persistent  and  OAWAvhehning 
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intrapleural  infection.  Tliere  Avas  no  response  to  either  penicillin  or  the  sul¬ 
fonamides.  This  was  the  only  death  in  the  28  patients  treated  by  decortication. 

Secondary  decortication. — In  all  six  cases  in  AAdiich  secondary  decortica¬ 
tion  was  employed  after  rib-resection  drainao-e.  tlie  operation  would  have  been 
done  primarily  had  the  patient's  condition  permitted  it;  in  three  cases,  drain- 
ao’e  Avas  done  for  empyema  necessitatis.  In  live  of  the  six  cases,  the  empyema 
had  dcAxloped  in  liquid  hemothoraces. 

In  all  six  cases,  althougli  drainage  Avas  apparently  adequate,  there  Avas 
either  no  reexpansion,  or  only  unsatisfactory  reexpansion,  of  the  lung,  and 
decortication  aauis  resorted  to  because  chronic  empyema  seemed  to  be  impending. 
The  duration  of  drainage  before  decortication  ranged  from  26  to  53  days  and 
a\eraged  37  days.  The  timelag  from  AA^ounding  to  the  secondary  operation 
ranged  from  44  to  64  days  and  aA^eraged  52  days. 

The  outcome  in  these  six  cases  sIioavs  again  that  primary  decortication 
gives  better  results  than  the  secondary  operation.  Prompt  recovery  ensued 
in  tAvo  cases,  but  empyema  recurred  in  the  other  four.  On  the  other  hand, 
these  four  operations  cannot  be  considered  total  failures.  They  Avere  j)er- 
formed  because  there  Avas  no  significant  pulmonary  reexpansion,  in  spite  of 
adequate  drainage,  and  because  in  each  instance  more  than  50  percent  of  the 
lung  Avas  collapsed.  Even  though  the  empyema  recurred,  it  Avas  thought  that 
the  purpose  of  decortication  had  been  accomplished:  In  Iavo  cases,  chronic 
empyema  Avas  positiA^ely  preA’ented,  and  the  anticipated  duration  of  continued 
pleural  suppuration  Avas  materially  reduced.  In  the  other  tAvo  cases,  Avhile 
the  situation  Avas  improved,  it  Avas  thought  that  additional  surgery  Avould  be 
necessary. 

Conclusions. — The  results  obtained  Avith  decortication  in  these  Auirious 
series  might  be  compared  Avith  the  results  reported  by  ISlicholson  and  Scadding 
(77)  in  291  Avounds  of  the  chest  treated  in  British  hospitals  in  the  Middle 
East  betAveen  NoAmnber  1941  and  May  1943,  before  decortication  came  into 
use.  Ilemothorax  became  evident  in  187  cases  and  became  infected  in  a  third 
of  these.  Tlie  case  fatality  rate  in  52  infectecl  hemothoraces  uncomplicated 
b}^  pulmonary  or  subphrenic  suppuration  and  managed  by  standard  conserA  a- 
tix  e  measures  Avas  almost  20  percent,  Avhile  at  the  time  of  the  report,  only  12  of 
the  surviving  patients  Avere  knoAvn  to  be  entire]}-  Avell, 

Tavo  points  concerning  the  advantages  of  decortication  over  drainage  oper¬ 
ations  for  organizing  hemothorax  and  heinothoracic  empyema,  although  they 
have  been  made  before,  should  be  stressed  again : 

1,  In  faA^or  of  decortication  Avas  the  short  inteiw al,  usually  from  6  to  8  Aveeks, 
necessary  to  effect  a  cure,  compared  Avith  the  Aveeks  of  suppuration,  changes 
of  drainage  tubes,  and  daily  dressings  necessary  in  other  methods.  With 
their  Avounds  cleanly  and  solidly  healed,  and  their  lungs  fully  exj)anded,  the 
patients  Avere  Avell  on  the  Avay  to  recoA-ery  Avithin  2  to  3  Aveeks  after  operation. 

2,  In  pleural  infections  treated  by  drainage,  tlie  road  from  the  institution 
of  drainage  to  a  complete  cure  Avas  not  only  long,  it  Avas  also  beset  Avith  dan- 
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Eiguue  114  (case  1). — Spontaneous  clearing  of  clotted  liomotliorax.  A.  Postcroante- 
rior  roentgenogram  showing  clotted  hemothorax  of  moderate  size,  without  infection, 
2  weeks  after  injury.  B.  Same,  1  month  later.  Chest  was  almost  completely  cleared 
without  surgery  or  additional  thoracenteses. 

gerous  pitfalls.  Chronicity  might  eventuate  at  any  stage,  and  deatli  might 
occur  from  a  number  of  causes,  including  metastatic  brain  abscess.  With  this 
method,  the  outcome  was  uncertain  as  long  as  a  vestige  of  the  emp}'ema  cavity 
remained. 


CASE  HISTORIES 


Case  1.^ — ^A  soldier  who  sustained  a  perforating  gunshot  wound  of  the  right  hemithorax 
on  14  June  1944,  with  a  laceration  of  the  right  lung,  developed  a  hemothorax  of  consider¬ 
able  size.  The  wounds  were  dehrided,  and  a  sucking  wound  of  exit  was  closed.  A  flapper 
valve  intercostal  tube  was  inserted  after  800  cc.  of  blood  had  been  removed  from  the  chest 
by  thoracentesis. 

Drainage  was  unsatisfactory,  and  the  tube  was  removed  48  hours  after  wounding. 
Roentgenograms  14  days  after  injury  showed  a  moderately  large,  clotted  right  hemothorax 
(fig.  114A) .  There  was  no  evidence  of  intrapleural  infection. 

Repeated  aspirations  yielded  only  a  few  cubic  centimeters  of  serum  and  fragments  of 
clot,  but,  because  of  the  moderate  size  of  the  hemothorax  and  the  absence  of  any  evidence 
of  intrapleural  infection,  spontaneous  clearing  was  allowed  to  progress.  Recovery  was 
smooth,  and  within  G  weeks  after  wounding  the  chest  was  almost  clear  (fig.  114B).  The 
soldier  was  returned  to  duty  on  17  August  1944,  2  months  after  he  had  been  injured. 

Comment. — This  case  illustrates  the  successful  outcome  of  a  hemothorax  of  moderate 
size,  without  infection,  treated  conservatively.  Clotting  occurred  in  spite  of  the  prompt 
removal  of  blood  by  aspiration. 

Case  2. — -When  this  soldier  was  wounded  in  action  on  6  February  1944,  he  sustained 
a  severe  i)enetrating  wound  of  the  left  thorax,  with  a  laceration  of  the  left  lung.  Initial 


TlIORAdC  SriiOERY 


Figitke  lir»  (case  2). — ^Mann!2;‘enieiit  of  clottanl  luaiiotliorax  l>y  dtH.'orticatioii. 
A.  rosleroanterior  roeiitgonograin  sliowhig  massive  clotted  liemotliorax.  with¬ 
out  infection,  but  with  no  tendency  toward  clearing  after  d  weeks.  Repeated 
thoracenteses  were  not  effective.  F>.  >Sani(‘.  10  days  after  primary  decortication. 
This  patient  went  on  to  complete  cure  and  was  returiuHl  to  duty.  Foreign 
body  was  in  chest  wall. 


therapy  consistcKl  of  debridement  of  the  wound  and  left  thorac-entt^sis.  A  metallic  foreign 
body  in  the  chest  wall  was  left  in  situ. 

Repeated  thoracenteses  were  ineffective.  Only  small  amounts  of  serum  and  fragments 
of  clot  could  l)e  obtained.  Roentgenograms  (fig.  ll.jA)  showed  persistence  of  phuiral  fluid, 
with  no  evidence  of  resorption  after  6  weeks.  Thoracotomy  with  pulmonary  decortication 
was  then  performed.  A  complete  cure  was  obtained  (fig.  llbB),  and  the  soldier  returned 
to  duty  Sy^  months  after  wounding. 

Coimucnt. — On  the  surface,  there  seems  little  diff“(‘rence  originally  bcdwt'en  this  case 
and  the  case  just  de.scribed  (case  1).  In  both,  clotting  occurred,  and  additional  aspirations 
were  unsuccessful.  Conservative  treatment  was  practiced  in  both,  with  practically  complete 
resolution  at  the  end  of  (>  weeks  in  tlu‘  first  case.  A\'hile  in  the  st'cond,  no  tendency  toward 
resolution  was  evident.  Decortication  produced  highly  satisfactory  results,  and  might, 
perhaps,  have  been  employed  earlier.  If  no  tendency  toward  clearing  was  observed  at  the 
end  of  the  third  week  after  wounding,  it  was  the  general  experience  that  it  was  unlikely 
to  occur. 

Case  3. — This  soldier  sustained  a  shell-fragment  wound  of  the  right  chest  on  81  ]May 
1944.  He  had  a  sucking  wound,  a  lacau-ation  of  the  lung,  and  a  hemopneuimff borax,  all  on 
the  right  side.  Thoracotomy  was  performed  in  a  forward  hospital,  with  removal  of  the 
shell  fragment  in  the  lung,  suture  of  the  lung,  and  evacuation  of  the  Idood  in  the  right 
pleural  cavity. 

AVhen  the  patient  was  admitted  to  a  chest  center  11  days  after  wounding.  h(‘  was 
desperately  ill  from  massive  empyema.  The  thoracotomy  incision  was  rt'opened  and  the 
empyema  drained  through  the  bed  of  the  rib  that  had  been  resected  at  initial  wound 
surgery. 

Drainage  was  apparently  adecpiate,  but  the  lung  did  not  reexpaiid  satisfactorily,  and 
chronic  empyema  was  evidently  impending.  Decortication  was  therefore  performed  0  weeks 
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Eiguke  IIG  (case  4). — AEaiiageiiieiit  of  liemothoracic  empyema  by  primary  de¬ 
cortication.  A.  l^osteroanterior  roentgenogram  showing  right-sided  hydropneumo¬ 
thorax,  with  50-percent  compression  of  lung,  l^'lnid  component  secured  by  aspira¬ 
tion  soon  became  thick  and  purulent.  Ninth  rib  had  been  partly  resected  when 
thoracotomy  was  done  immediat(4y  after  wounding  in  forward  hospital.  B.  Same, 
2  weeks  after  decortication.  Regeneration  is  evident  in  this  roentgenogram. 
(Complete  cure  was  obtained,  with  total  pulmonary  reexpansion  and  total  oblitera¬ 
tion  of  empyema  cavity. 


after  the  drainage  operation.  The  lung  was  freed  without  difficulty  from  the  fibrinofibrous 
membrane  which  encased  it.  As  soon  as  this  was  accomplished,  reexpansion  was  entirely 
satisfactory.  Convalescence  was  without  incident,  and  the  end  result  was  excellent. 

V<>nn)}C)\t. — This  patient  was  far  too  ill  for  such  a  major  procedure  as  decortication 
wlum  he  was  seen  in  the  chest  center  11  days  after  wounding.  Rib-resection  drainage  was 
lifesaving,  but  it  was  not  sufficient  to  accomplish  a  cure.  In  World  War  I,  this  soldier 
would  have  become  a  chest  crii^ple.  Decortication  saved  him  from  this  fate  in  World  War  II. 
AVhether  the  thoracotomy  i)erformed  at  initial  wound  surgery  was  necessary  is  at  least 
debatable.  He  might  have  been  better  off  without  it. 

Case  4. — ^This  soldier,  who  was  wounded  in  action  on  4  June  1944,  suffered  a  severe 
p(‘iietrating  slull-fragment  wound  of  the  right  thorax,  with  a  laceration  of  the  right  lung 
and  right  liemopiK'umotliorax.  A  foreign  body  was  seen  in  the  lung.  Thoracotomy  was 
performed  at  a  forward  hospital  on  the  day  of  injury.  The  foreign  body  was  removed  and 
the  pulmonary  la('(‘ration  sutured. 

The  immediate  convalescence  was  uneventful,  but  a  few  days  after  operation,  a  clotted 
hemothorax  was  found  on  the  right  side  (fig.  116A).  The  patient  was  toxic,  and  his  tern- 
p(u*ature  rose  daily  to  101°  or  102°  F.  Purulent  fluid  was  eventually  recovered  from  the 
chest,  and  SfaphyJococeua  aureus-  was  cultured  from  it.  Thoracotomy  and  decortication 
were  done  at  once,  without  preliminary  drainage.  Recovery  was  uneventful,  and  the  end 
result  was  excellent  (  fig.  116B). 

Contuicnt. — This  is  another  case  in  which  prompt  decortication  saved  the  casualty  from 
a  long  period  of  drainage  and  disability,  and  perhaps  from  chronic  invalidism.  It  is  also 
another  case  in  which  the  i)atient  might  have  done  better  without  thoracotomy  as  part  of 
the  initial  wound  surgery. 
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Figure  117  (case  .j). — jManageineiit  of  clotted  lieiiiotliorax  by  primary  decortica¬ 
tion.  A.  Posteroaiiterior  roentgenograiii  33  days  after  wounding,  showing  diffuse 
left-sided  obscuration  and  narrowing  of  intercostal  spaces  caused  by  organizing 
clotted  hemothorax.  Thoracenteses  had  been  ineffective.  B.  Same,  months  after 
primary  decortication,  showing  essentially  normal  left  hemithorax. 

Case  5. — A  27-year-old  soldier  sustained  an  accidental  sucking  wound  of  the  left 
anterior  thorax  during  bayonet  practice  on  11  June  1913.  A  tension  hemopneumothorax 
was  managed  by  water-seal  drainage  for  IS  hours.  The  sucking  wound  was  trimmed  and 
closed.  Repeated  thoracenteses  produced  no  fluid. 

When  the  patient  was  admitted  to  a  thoracic  surgery  service  on  10  July,  the  left  chest 
was  flattened  anteriorly,  and  there  was  a  slight  scoliosis  concave  to  the  left.  Exi)ansion 
was  appreciably  limited.  Horizontal  expansion  measurements  showed  the  following  differ¬ 
entials  :  Ensiform  cartilage  to  spine  on  right,  V/j  Inches,  on  left  %  inch :  nipiile  to  spine 
on  right,  1  inch,  on  left  14  inch.  Breath  sounds  were  distant  over  the  entire  left  chest. 

For  the  2  weeks,  the  patient  had  been  complaining  of  increasing  dyspnea  on  exer¬ 
tion.  He  was  now  incapacitated  for  any  activity  except  the  most  minor  exercise,  and  he 
was  showing  no  appreciable  improvement. 

Analysis  of  serial  roentgenograms  showed  a  iiersistent  diffuse  obscuration  on  the  left, 
with  the  greatest  density  at  the  base.  The  roentgenogram  taken  on  14  July  (fig.  117A) 
showed  diffuse  clouding.  The  intercostal  spaces  were  narrowed,  and  there  was  a  slight 
scoliosis  concave  to  the  left.  There  had  been  no  essential  change  in  these  findings  for  the 
preceding  2  weeks. 

On  10  Jul.y  1043,  35  days  after  injury,  thoracotomy  and  decortication  were  xjerformed. 
More  than  500  cc.  of  clotted,  degenerating  blood  was  found  occupying  the  space  in  the  left 
hemithorax  from  the  apex  to  the  base  and  forward  to  the  midaxillary  line.  The  i)eel  ad¬ 
herent  to  the  visceral  pleura  was  3  mm.  thick,  and  that  adherent  to  the  parietal  pleura, 
which  was  left  in  situ,  was  5  mm.  thick.  After  decortication  had  been  accomplished,  there 
was  immediate  and  almost  complete  reexpansion  of  the  lung  under  slight  positive  pressure. 
A  few  bulibles  of  air  escaped  from  a  small  tear  in  the  visceral  pleura,  which  was  easily 
repaired. 

Under  the  microscope,  the  visceral  layer  of  rind  showed  adult  fibrous  tissue,  with  many 
lieuetrating  capillaries,  which  were  larger  and  more  numerous  on  the  visceral  pleural 
surface. 
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IT-equent  tlionicenteses  were  carried  out  for  the  next  5  days.  Roentgenograms  20  days 
after  operation  showed  a  small  residual  lateral  pneumothorax,  with  complete  pulmonary 
reexpansion  at  the  base.  Measurements  taken  30  days  after  operation  showed  the  horizon¬ 
tal  expansion  from  the  ensiforin  cartilage  to  the  spine  to  be  1%  inches  on  the  right  and  IV2 
inches  on  the  left.  Expansion  from  the  horizontal  nipple  to  the  spine  was  1  inch  on  each 
side. 

The  patient  was  discharged  to  limited  duty  60  days  after  operation.  A  followup  roent¬ 
genogram  on  6  January  1944  {fig.  117B)  showed  the  left  thorax  to  he  essentially  normal. 

Comment. — In  this  case,  clotting  api:)arently  occurred  almost  immediately,  for  prompt 
and  repeated  thoracenteses  produced  no  fluid.  The  patient  was  well  on  his  way  to  becoming 
a  chest  invalid  when  thoracotomy  and  decortication  were  performed.  As  this  case  shows, 
the  risks  of  removing  the  thicker  and  more  vascular  parietal  peel  need  not  be  taken.  It 
was  left  in  situ  at  operation,  and  the  patient  made  an  excellent  recovery.  Repeated  tho¬ 
racenteses  were  employed  after  operation  because  drainage  had  been  omitted. 

Case  6. — A  19-year-old  German  prisoner  of  war  sustained  perforating  wounds  of  the 
left  chest  from  a  high  explosive  shell  fragment.  The  small  wound  of  entry  was  located 
in  the  second  interspace  in  the  midclavicular  line  and  the  slightly  larger  wound  of  exit, 
in  tlie  eighth  interspace  in  the  midscapular  line.  Neither  was  sucking. 

The  wounds  were  debrided  24  hours  after  injury.  At  this  time,  roentgenograms  re¬ 
vealed  a  left-sided  hemothorax  that  was  causing  approximately  45-percent  collapse  of  the 
lung.  No  fluid  was  obtained  on  thoracentesis. 

For  the  next  8  days,  the  patient  ran  a  febrile  course,  the  temperature  on  one  occasion 
reaching  103.2°  F.  Repeated  aspirations  during  this  period  yielded  only  fragments  of  clot 
and  shreds  of  fibrin.  Smears  and  cultures  were  negative. 

A  roentgenogram  9  days  after  injury  (fig.  118)  showed  the  left  hemithorax  obscured 
and  the  lung  compressed.  The  following  day,  a  catheter  (No.  22)  was  inserted  into  the 
left  pleural  cavity,  but  neither  fluid  nor  clot  could  bo  evacuated. 

Because  of  the  continued  fever  and  toxicity,  it  seemed  probable,  in  spite  of  consistently 
negative  cultures,  that  infection  was  developing  in  an  organizing  hemothorax.  Thoracot¬ 
omy  and  decortication  were  therefore  performed  14  days  after  wounding.  The  pleural 
cavity  was  filled  with  clots  and  with  loculated  pools  of  thick,  sirupy  blood.  The  hemo¬ 
thorax  was,  as  usual,  larger  than  the  roentgenograms  had  indicated.  The  lung  was  held 
immobile  by  a  2-mm.  peel  of  fibrin,  which  was  undergoing  early  organization.  Decortica¬ 
tion  was  technically  tedious  and  difficult  because  of  the  thinness  and  friability  of  the  peel. 
It  stripped  easily,  but  piecemeal  removal  was  necessary.  The  underlying  visceral  pleura 
was  grossly  normal  and  did  not  bleed.  No  attempt  was  made  to  decorticate  the  parietal 
pleura.  The  wounds  of  entrance  and  exit  in  the  upper  lobe  were  solidly  healed,  and  the 
fibrin  peel  over  both  areas  was  left  undisturbed.  When  the  diaphragm  was  freed,  it 
immediately  resumed  its  normal  excursion.  Before  decortication,  positive  pressure  up 
to  15  cm.  II2O  did  not  result  in  any  pulmonary  expansion.  After  decortication,  the  lung 
expanded  promptly  and  filled  the  hemithorax. 

Drainage  was  instituted  through  two  intercostal  tubes.  The  anterior  tube  was  removed 
at  the  end  of  24  hours  and  the  posterior  tube  on  the  third  day.  The  patient  then  became 
ambulatory.  Roentgenograms  on  the  seventh  day  after  operation  showed  complete  pul¬ 
monary  reexpaiision.  When  the  patient  was  evacuated  to  a  prisoner-of-war  camp  on  the 
14th  day  after  operation,  he  was  in  excellent  condition. 

Cultures  of  the  clot  and  peel  removed  at  decortication  were  negative  on  both  aerobic 
and  anaerobic  media. 

Comment. — This  case  is  an  illustration  of  the  prophylactic  use  of  decortication. 
Obviously,  infection  was  impending  in  an  organizing  hemothorax,  and  while  the  operation 
is  somewhat  more  difficult  as  early  as  14  days  after  wounding,  because  the  rind  is  not  yet 
well  organized,  it  can  be  safely  performed. 
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FKa'itE  11.8  (case  ())■ — I’osteroiuiterior  roentgeno- 
.umiii  sliowiii.u'  ()ri;ainziiii[>‘  clot  ted  heinotlionix  on  left 
side.  Note  apical  compression  and  almost  oO-per- 
ceiit  pulmonary  collapse. 


Case  7. — A  84-y(‘ar-old  soldier  sustained  a  suckinji:  wound  of  the  ri.ulit  post(‘rior  thorax 
on  23  September  1943.  The  wound  was  closed  immediately  by  an  occlusive  dressing,  and 
24  hours  later,  primary  closure  of  the  pleura  was  performed.  IVater-seal  drainage  was 
continued  for  the  next  4S  hours. 

On  27  Septeml)er.  l.SOO  cc.  of  air  and  fluid  were  aspirated  from  the  right  hemithorax. 
The  following  day,  roentgenograms  (fig.  119A)  showed  a  large  amount  of  l)lood  in  the 
right  pleural  cavity,  with  a  7o-percent  collapse  of  the  lung.  On  30  September,  100  cc.  of 
bloody  fluid  was  aspirated,  with  considerable  difficulty.  A  second  attempt  to  evacuate  the 
chest  with  intercostal  water-seal  drainage  produced  only  200  cc.  of  bloody  fluid  in  24  hours. 
On  .■>  October,  all  that  could  be  obtained  on  aspiration  was  20  cc.  of  sterile  fluid.  At  this 
time,  a  lateral  roentgenogram  (fig.  119R)  showed  extensive  obscuration  at  the  base  and 
multiple  fluid  levels,  characteristic  of  intrapleural  infection.  The  patient  continued  toxic 
and  febrile. 

On  T  October,  right-sided  posterior  thoracotomy  was  performed  after  two  small  granulat¬ 
ing  wounds  of  the  right  posterior  chest  wall  had  been  excised  and  closed  with  a  separate  set 
of  instruments.  Short  posterior  segments  of  the  seventh  and  eighth  ribs  were  removed, 
and  the  pleural  cavity  was  entered  through  the  seventh  intercostal  space.  The  lung  was 
found  bound  down  with  characteristic  organizing  exudate  and  approximately  90  percent 
collapsed.  The  pleural  cavity  was  filled  with  licpiid  blood,  serum,  masses  of  fibrin,  and 
blood  clot  in  various  stages  of  degeneration. 

When  the  peel  was  removed  from  the  visceral  pleura,  there  was  immediate  and  almost 
complete  reexpansion  of  the  lung  under  slight  positive  pressure.  The  lacerations  at  the 
sites  of  the  through-and-through  pulmonary  wounds  were  repaired  with  fine  silk.  Drainage 
was  instituted.  Immediate  bronchoscopy  was  productive  of  a  moderate  amount  of  bloody 
mucoid  secretion. 
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Figure  llO  (case  7). — Management  of 
organizing  clotted  lieinotliorax  by  decorti¬ 
cation.  A.  Posteroanterior  roentgenogram 
G  days  after  wounding  showing  extensive 
right-sided  hemothorax.  Note  compression 
of  apex  of  lung.  R.  I^ateral  roentgenogram 
8  days  later  showing  extensive  obscuration 
at  left  base  and  characteristic  multiple 
llnid  levels.  C.  Posteroanterior  roentgeno¬ 
gram  30  days  after  decortication.  Right 
lung  has  completely  reexpanded,  but  there 
is  still  basal  pleural  reaction  present. 


Recovery  was  uneventful  except  for  an  unexplained,  transient  temperature  elevation  to 
103°  F.  on  the  third  postoperative  day.  There  was  no  wound  infection  and  no  evidence  at 
any  time  that  an  empyema  was  developing.  Roentgenograms  30  days  after  operation  (fig. 
HOC)  showed  complete  pulmonary  reexpansion,  with  a  moderate  residual  pleural  reaction 
at  the  right  base.  The  patient  was  fully  ambulatory  when  he  was  evacuated  on  11 
November. 

Pleural  fluid  cultured  at  operation  showed  a  heavy  growth  of  nonhemolytic  streptococci. 
Microscopic  examination  of  the  peel  revealed  dense  fibriiiopnrulent  exudate,  beneath  which 
was  a  characteristic  thickened  membrane  of  organizing  fibrin,  showing  fibroblastic  and 
angioblastic  proliferation. 

this  case,  thoracentesis  was  not  begun  until  the  fourth  day  after  wound¬ 
ing.  In  spite  of  roentgenologic  evidence  of  hemothorax,  aspiration  was  increasingly  less 
productive,  and  there  was  clear  clinical  evidence  of  infection.  This  is  another  instance  of 
the  successful  performance  of  decortication  shortly  after  wounding  as  a  means  of  avoiding 
the  development  of  empyema. 

Case  8. — A  22-year-old  staff  sergeant  sustained  shell-fragment  wounds  of  the  anterior 
right  thorax,  right  buttock,  and  right  wrist  on  10  November  1943.  He  was  expectorating 
bright  red  blood  when  he  was  received  in  an  evacuation  hospital.  Because  of  pronounced 
abdominal  rigidity,  a  laparotomy  was  performed  12  hours  after  wounding.  No  injuries 
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Figuhe  120  (ciise  8). — Management  of 
clotted  lieniotliorax  with  retained  foreign 
])()d.v  and  bronchoplenral  fistula  by  pri¬ 
mary  decortication.  A.  Posteroanterior 
roentgeiiogram  6  days  after  wounding 
showing  extensive  right-sided  hemopneu- 
inothorax  with  compression  of  pulmonary 
aL)ex.  B.  Lateral  roentgenogram  taken  C 
days  after  wounding  showing  character¬ 
istic  multiple  fluid  levels  and  large  intra- 
thora<‘ic  shell  fragment.  0.  lN)SteL‘oaii- 
terior  roentgenogram  C  days  after 
decortication,  closure  of  bronchopleural 
fistula,  and  removal  of  shell  fragment. 
Lung  has  completely  reexpanded. 


were  found.  Thoracentesis  immediately  after  oi)eration  yidded  -IdO  cc.  of  blood,  which 
was  used  for  autotransfusion. 

For  the  next  10  days,  l)loody  fluid  and  air  were  frecpiently  aspirated  from  the  right 
liemithorax.  On  IG  November,  an  abrupt  attack  of  dyspnea  was  relieved  by  aspiration  of 
l.oOO  cc.  of  air.  Clinically,  there  was  no  doubt  of  the  existence  of  a  hronchopleural  fistula. 
Roentgenograms  (fig.  120A,  B)  showed  a  partially  collapsed  lung  with  numerous  intra¬ 
pleural  adhesions  and  extensive  heinopneuniothorax  with  multiple  fluid  levels.  A  large 
intrapulmonary  shell  fragment  was  seen  indistinctly  at  the  inner  end  of  the  ninth  rib 
posteriorly  (fig.  12()A). 

When  the  patient  was  admitted  to  a  thoracic  surgery  service  on  30  November,  he  was 
comfortable  except  for  moderate  dyspnea.  Shortly  after  admission,  1.250  cc.  of  air  was 
removed  from  the  pleural  cavity.  Final  manometric  negative  pressures  of  12,  G  cm.  ILO 
were  jnaintained  in  spite  of  episodes  of  coughing. 

Daily  thoracenteses  for  the  next  3  days  yielded  a  total  of  1,200  cc.  of  air  and  of  500  cc. 
of  dark  brownish-red  fluid.  The  temperature  rose  to  102°  F.  daily.  Two  smears  and  a 
culture  revealed  many  gram-positive  intracellular  and  extracellular  nonhemolytic 
streptococci. 

Because  of  increasing  toxicity  and  other  clinical  evidences  of  infection,  thoracotomy 
wns  performed  on  4  December.  The  pleural  cavity  contained  GOO  cc.  of  degenerating 
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blood  and  exudate.  Tlie  wliioli  was  partly  collapsed,  was  immobilized  by  a  firm 

organizing’  peel  partly  covered  by  yellowisli-green  exudate.  Tlie  apex  of  the  lung  was  en¬ 
cased  in  a  tubular  sbeatli  that  was  attached  to  the  cupola  of  the  thorax.  After  complete 
visceral  decortication,  the  shell  fragment  seen  in  the  roentgenograms  was  easily  found  and 
removed  from  the  right  lower  lobe ;  it  measured  20  by  7  by  5  millimeters.  A  posterolateral, 
moderate-sized  bronchopleural  fistula  in  the  upper  lobe  was  repaired  with  interrupted 
sutures  of  line  silk.  Drainage  was  instituted  before  closure. 

The  lung  was  completely  reexpanded  within  48  hours.  Roentgenograms  on  the  sixth 
postoperative  day  (fig.  1200)  showed  no  abnormality  except  a  triangular  area  of  density 
ill  the  right  cardiophrenic  angle.  The  collection  of  pleural  fluid  wliich  it  represented  was 
promptly  absorbed. 

The  patient  was  ambulatory  7  days  after  operation  and  was  asymptomatic  when  he  was 
evacuated  to  the  rear  6  weeks  after  wounding. 

Comment  ~1\\  this  case,  because  of  increasing  toxicity,  decortication  was  performed 
SV2  weeks  after  wouncling.  Thoracotomy  would  have  been  indicated,  in  any  event,  for  the 
repair  of  the  persistent  bronchopleural  fistula ;  and  the  foi’eign  body  in  the  lung  was  of 
sufficiently  large  size  to  require  removal  also.  The  combined  procedure  was  carried  out 
expeditiously  and  without  difficulty,  and  convalescence  was  uneventful.  This  is  another 
instance  of  iirompt  recovery  after  decortication  as  compared  with  a  probable  long  period  of 
invalidism  and  disability  if  conservative  measures  had  been  used  and  if  the  infection  of 
the  organizing  hemothorax  had  been  allowed  to  progress  to  empyema. 

Case  9. — A  24-year-old  Italian  officer,  a  prisoner  of  war,  on  10  July  1943  sustained  an 
extensive  perforating  sucking  wound  of  the  right  posterior  thorax,  with  compound  com¬ 
minuted  fractures  of  the  right  scapula  and  the  third,  fifth,  and  sixth  ribs.  The  wounds 
were  debrided,  but  the  pleura  was  not  closed. 

By  17  July,  increasing  pressure  was  evident  in  the  right  heniithorax,  and  little  clinical 
relief  was  afforded  by  repeated  aspirations.  Roentgenograms  (fig.  121  A)  showed  complete 
collapse  of  the  right  lung,  cardiac  shift,  and  subtotal  compression  of  the  left  lung.  Wide 


Figuiie  121  (case  9). — Management  of  tension  hemopneuinothorax  and  total  hemo- 
thoracic  empyema  by  secondary  decortication.  A.  Posteroanterior  roentgenogram 
8  days  after  wounding  showing  enormous  right-sided  tension  hemopneumotliorax, 
with  mediastinal  herniation;  cardiac  shift  to  left;  complete  collapse  of  right  lung; 
subtotal  compression  of  left  lung.  B.  Same,  23  days  after  institution  of  dependent 
rib-resection  drainage.  Right  lung  is  still  totally  collapsed. 
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Figure  121. — Continued.  C.  Technique  of  right  pulmonary  decortication:  (a)  Aiipear- 
ance  of  totally  collapsed  right  lung,  \Yhich  is  completely  immobilized  by  thick  shoot  of 
organizing  flbrin  and  exudate,  so  that  individual  structures  are  scarcely  discernible.  After 
initial  sharj)  dissection,  a  small  flap  of  thick,  organizing  ])eel  has  Ixhui  elevated  l)y  blunt 
dissection.  lh)sitive  pressure  has  caused  a  slight  herniation  of  lung  through  opening, 
(b)  Mobilization  of  lung  and  diaphragm  after  complete  decortication  of  visceral  pleura. 
Visceral  pleura  is  essentially  normal  and  lung  is  expansile  but  not  yet  completely  reex¬ 
panded.  The  ridge  represents  line  along  which  thick(>ned  librous  rind  was  reflected  from 
visceral  onto  parietal  pleurae.  D.  rosteroanterior  roentgenogram  14  days  after  decortica¬ 
tion.  All  drainage  has  ceased,  and  lung  now  completely  fills  pleural  cavity. 


mediastinal  herniation  and  depression  of  the  right  diaphragm  completed  the  picture  of 
massive  tension  hemothorax. 

The  patient’s  condition  became  increasingly  serious.  The  intrapleural  tension  was 
controlled  between  20  July  and  31  July  by  the  use  of  an  intercostal  water-seal  catheter, 
but  the  lung  on  the  right  continued  collapsed,  and  a  total  empyema  developed. 

The  patient  was  received  in  a  thoracic  surgery  center  on  2  August.  The  following  day, 
G  cm.  of  the  tenth  rib  was  resected,  and  a  large  tube  was  placed  in  the  pleural  cavity  and 
connected  to  a  water-seal  bottle.  For  the  first  24  hours,  there  was  evidence  of  a  small 
bronchopleural  fistula.  For  the  next  14  days,  negative  intrapleural  pressure  of  from  10  to 
15  cm.  H2O  was  constantly  maintained.  Total  colla])se  of  the  right  lung  (fig.  121 B)  per¬ 
sisted  for  more  than  4  weeks,  in  spite  of  the  negative  pressure,  adequate  drainage,  and 
frequent  intrapleural  irrigations  with  aqueous  solution  (1:3,000)  of  Azochloramid  (chloro- 
azodin) .  Bronchoscopic  examination  showed  no  bronchial  obstruction. 
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Sequestrectomy  on  the  scapuhi  was  performed  on  24  August.  On  2  September,  right¬ 
sided  posterior  thoracotomy  was  performed,  with  complete  visceral  decortication  (fig.  121C). 
As  roentgenograms  had  shown,  the  lung  was  found  totally  collapsed,  and  its  margins  could 
not  be  identified.  It  did  not  reexpand  on  positive  pressure,  and  the  diaphragm  remained 
depressed  and  immobile.  By  combined  blunt  and  sharp  dissection,  a  proper  cleavage  plane 
was  established  between  the  visceral  pleura  and  the  adherent  organized  peel,  which  was 
5  to  ()  mm.  thick.  The  visceral  pleura  was  normally  thin,  but  slight  loss  of  translucency, 
with  subpleural  scarring,  was  observed  in  occasional  areas.  There  was  considerable  oozing 
from  the  pleural  surface. 

Removal  of  the  investing  i)eel  from  the  diaphragm  inobilized  it  completely.  MTien  the 
lung,  including  the  entire  mediastinal  surface  of  the  upper  lobe,  had  been  completely  freed, 
slight  positive  pressure  produced  80-percent  reexpansion.  Drainage  was  instituted. 

By  the  fourth  day  after  operation,  both  drainage  tubes  had  been  removed,  and  the 
lung  completely  filled  the  pleural  cavity.  Convalescence  was  entirely  umnentful.  Two 
weeks  after  operation,  roentgenograms  (fig.  121T>)  showed  the  right  lung  to  be  well  aerated. 
There  was  considerable  resorption  of  the  extensive  peripheral  reaction  during  the  next  6 
weeks.  The  reaction  was  to  be  expected,  since  no  attempt  had  been  made  to  remove  the 
thick  organizing  i)eel  from  the  parietal  pleura. 

AYheu  the  patient  was  heard  from  by  letter  3  months  after  operation,  he  had  no  com¬ 
plaints  referable  to  the  chest  and  was  in  excellent  general  condition. 

Conuuent. — This  is  another  instance  of  a  desperately  ill  patient  who  did  not  res}»oiid 
to  conservative  treatment  and  who,  as  the  result  of  decortication,  was  spared  weeks  and 
months  of  invalidism.  Had  conservative  treatment  been  continued,  he  might  have  lost  his 
life.  The  conditions  found  at  operation  made  it  clear  that  only  decortication  could  have 
permitted  the  lung  to  expand. 

Case  10. — A  2G-ycar-old  soldier,  on  21  September  1943,  suffered  a  perforating  sucking 
wound  of  the  left  posterior  thorax,  with  compound  comminuted  fractures  of  the  seventh, 
eighth,  and  ninth  ribs  posteriorly.  On  the  day  of  injury,  the  sucking  wound  was  closed 
surgically  by  using  a  strip  of  latissimus  dorsi  to  reinforce  the  intercostal  muscles.  The 
skin  was  left  open.  Five  days  later,  although  the  patient  seemed  to  be  recovering  satisfac¬ 
torily,  anterior  roentgenograms  showed,  in  addition  to  the  rib  fractures,  a  probable  encap¬ 
sulated  area  of  pleural  fluid  superimposed  on  the  cardiac  shadow.  They  also  showed  a 
moderate  amount  of  imlmonary  infiltration  that  was  considered  due  to  bleeding. 

On  the  10th  day  after  wounding,  the  patient  became  suddenly  and  rapidly  dyspneic  and 
complained  of  a  sensation  of  tightness  in  the  thorax  and  abdomen.  When  he  was  received 
in  a  thoracic  surgery  center  shortly  afterward,  his  temperature  was  ranging  from  100° 
to  102°  F.  The  left  hemothorax  had  increased  greatly,  and  there  was  some  cardiac  shift 
to  the  right.  The  iimnediate  aspiration  of  1,500  cc.  of  dark  blood  produced  great  subjective 
impi‘ovement.  Smears  and  cultures  were  negative. 

During  the  next  4S  hours,  although  no  additional  blood  could  be  aspirated  from  the 
chest,  there  was  evidence  of  increasing  intrapleural  pressure.  Roentgenograms  (fig.  122A) 
showed  ima-eased  left-sided  obscuration,  with  further  cardiac  and  mediastinal  shift. 

Left  posterior  thoracotomy  was  performed  on  5  October,  14  days  after  injury.  Frag¬ 
mented  portions  of  the  three  fractured  ribs  were  removed,  and  the  pleural  cavity  was 
entered  through  the  eighth  intercostal  interspace.  The  lung  was  75  percent  collapsed. 
The  pleural  space  was  filled  with  about  1.000  cc.  of  firmly  clotted  blood ;  there  was  prac¬ 
tically  no  liquid  blood.  A  thin  layer  of  fibrin,  which  showed  early  organization,  was 
removed  from  the  visceral  pleural  surface. 

Posterolaterally,  there  was  a  laceration  in  the  left  upper  lobe,  3  cm.  deep,  which  con¬ 
tained  four  fragments  of  ribs.  The  lung  bled  briskly  when  these  were  removed.  The 
laceration  was  repaired  with  fine  silk.  Anterior  and  posterolateral  intercostal  water-seal 
drainage  was  instituted.  Closure  of  the  chest  wall  was  difficult  posteriorly  in  the  area  in 
which  the  wound  of  entrance  had  been  excised. 
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FiGT-JiE  122  (ciise  10) :\raiiagcineii(:  of  infected  clotted  hemothorax  by  early  pri¬ 
mary  decortication.  A.  rosteroaiiterior  roentgenogram  17  days  after  ^Younding  and  7 
days  after  thoracentesis,  showing  large  hemorrhage  on  left,  with  cardiac  shift  to  right. 
I>.  Same,  C  weeks  after  decortication  and  2  weeks  after  secondary  rib-resection  drain¬ 
age  of  small  postoperative  empyema.  Pnlmonary  field  is  now  clear,  and  posterolateral 
empyema  has  been  welt  drained. 

Roth  grossly  and  microscopically,  the  organizing  exudate  showed  miliary  abscesses. 
Culture  of  the  blood  clot  removed  at  op('ration  was  positive  for  aerobic  hemolytic  Staphylo¬ 
coccus  aureus. 

Within  48  hours,  thin,  purulent  drainage  was  evident  from  the  lower  tube.  At  this 
time,  roentgenograms  showed  the  lung  to  be  well  expanded  at  the  apex.  Laterally,  an 
oval  area  of  obscuration  was  seen,  which  later  proved  to  be  a  small  loculated  empyema. 
By  the  seventh  day  after  operation,  the  posterior  portion  of  the  incision,  in  the  area  in 
which  the  entrance  wound  had  been  excised,  had  become  grossly  infected.  By  the  14th 
day,  it  was  evident  that  the  localized  empyema  just  described  was  connected  with  a  small 
bronchopleural  fistula  and  that  intercostal  drainage  was  not  adequate.  The  following  day, 
a  15-cm.  segment  of  the  ninth  ril>  was  removed,  and  the  empyema  cavity  was  opened  widely 
and  packed. 

Convalescence  thereafter  was  rapid.  The  small  bronchopleural  fistula  closed  spon¬ 
taneously,  When  the  patient  was  evacuated  to  the  Zone  of  Interior  G  weeks  after  the 
second  operation,  roentgenograms  (fig.  122B)  showed  good  pulmonary  expansion  and 
almost  complete  clearing  of  the  lateral  and  basal  obscuration. 

Comment. — This  case  is  an  illustration  of  the  difficulties  and  complications  which  could 
arise  when  thoracentesis  was  delayed.  It  was  not  resorted  to  in  this  case  until  the  10th 
day  after  wounding,  when  the  patient  was  seriously  ill,  and  when,  as  later  ineffectual 
aspirations  showed,  organization  of  the  clot  had  already  begun.  The  seriousness  of  his 
condition,  with  evidence  of  beginning  infection,  was  considered  a  justification  for  early 
decortication,  only  14  days  after  wounding.  Miliary  aliscesses  were  already  present  at 
operation,  and  empyema  developed  later,  but  the  cavity  was  small  and  the  response  to 
standard  measures  was  good.  This  is  another  patient  who  would  undoubtedly  have  gone 
on  to  a  long  period  of  established  infection  if  decortication  had  not  been  resorted  to 
promptly. 
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Figure  123  (case  11). — Management  of  infected  clotted  liemotliorax,  complicated 
by  segmental  imlmonary  necrosis  and  retained  foreign  body,  by  early  primary  decortica¬ 
tion.  A.  Posteroanterior  roentgenogram,  10  days  after  wounding  and  after  induction  of 
diagnostic  pneumoperitoneum  for  localization  of  foreign  body.  Note  large  left-sided 
hemothorax,  which  has  increased  in  size  in  spite  of  repeated  thoracenteses.  B.  Same, 
S  weeks  after  wounding  and  (>Vi>  weeks  after  primary  decortication,  segmental  lobectomy, 
and  removal  of  shell  fragment. 


Case  11. — A  19-year-old  soldier  sustained  a  penetrating  wound  of  the  left  thorax  on 
the  Salerno  beachhead  on  11  September  1943.  There  was  no  hemoptysis  or  dyspnea  at  any 
time.  Roentgenologic  examination  on  IG  September  showed  a  hemothorax  of  moderate 
size  and  a  large  shell  fragment  lying  well  posteriorly  at  the  level  of  the  tenth  interspace. 

At  this  time  the  patient  was  somewhat  toxic.  His  fever  increased  progressively, 
the  highest  elevation  being  103.4°  F.  Repeated  aspirations  were  productive  of  only  small 
amounts  of  old,  sterile  blood.  After  diagnostic  pneumoperitoneum  on  20  September,  roent¬ 
genograms  (fig.  123A)  showed  that  fluid  was  increasing  in  the  left  thorax,  in  spite  of 
repeated  thoracenteses. 

On  23  September,  left  posterior  thoracotomy  was  performed  through  the  sixth  inter¬ 
costal  space,  after  removal  of  posterior  segments  of  the  sixth  and  seventh  ribs.  The  lung 
was  collapsed,  and  there  was  extensive  clotting  of  the  hemothorax,  with  early  organization. 
The  shell  fragment,  which  was  intrapleural  and  had  no  clothing  attached  to  it,  measured 
22  by  .IG  by  11  millimeters.  It  lay  in  a  loculus  of  clotted  blood  mixed  with  greenish  exudate, 
which  had  a  foul  odor.  After  the  pleural  cavity  had  been  emptied,  decortication  showed 
the  visceral  pleura  to  be  relatively  normal.  The  lower  half  of  the  lower  left  pulmonary  lobe 
was  so  badly  lacerated  and  necrotic  that  segmental  lobectomy  was  necessary.  Drainage 
was  instituted.  Bronchoscopy  at  the  end  of  the  procedure  produced  bloodstained  mucus. 

Cultures  of  the  organizing  blood  clot  showed  a  mixture  of  staphylococci  and  anaerobic 
nonhemolytic  streptococci. 

After  operation,  the  lung  reexpanded  well  at  the  apex,  but  a  loculated  pocket  of  sero- 
sanguineous  fluid  developed  in  the  axilla.  It  cleared  with  aspiration. 

For  the  first  14  days  after  operation,  the  temperature  ranged  from  101°  to  103°  F. 
By  the  end  of  this  time,  drainage  from  the  posterior  intercostal  tube  had  become  purulent. 
When  the  tube  was  removed  on  10  October,  after  drainage  had  apparently  ceased,  there 
was  an  immediate  febrile  flareup,  and  roentgenograms  showed  increased  basal  obscuration. 
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On  l(i  October,  open  thoracotomy,  with  rib  resection,  was  performed  and  tube  drainage 
was  instituted.  The  small  basal  empyema  was  rapidly  obliterated,  and  roentgenograms 
taken  on  13  November  (hg.  123B)  showed  complete  left-sided  pulmonary  expansion,  with  a 
minimal  pleural  reaction  at  the  base.  The  patient  was  in  excellent  condition  when  he  wa.s 
evacuated  to  the  Zone  of  Interior  a  few  days  later. 

Conuucnt. — In  this  case,  decortication  was  performed  in  the  face  of  existing  infection 
and  pulmonary  necrosis.  Convalescence  was  stormy,  but  the  postoperative  empyema  was 
basal  and  readily  cleared  with  the  proper  drainage.  This  case  represents  one  of  the  few 
in  the  Mediterranean  theater  in  which  segmental  lobectomy  or  any  other  excisional  pul¬ 
monary  operation  was  necessary.'* 


Keferences 

1.  Neurosurgery  and  Thoracic  Surgery,  l^repared  and  edited  by  tin;  Subcommittees 
on  Neurosurgery  and  Thoracic  Surgery,  Committee  on  Surgery,  Division  of  Medical  Sci¬ 
ences,  National  Research  Council,  riiiladelphia  and  London  :  W.  P>.  Saunders  Co.,  1043. 

2.  Dunham,  E.  K.,  Stevens,  E.  A.,  Graham,  E.  A.,  and  Keller.  IV.  L. :  Empyema.  In 
The  ^Medical  Department  of  the  United  States  Army  in  the  World  War.  ■Washington: 
Government  Printing  Office,  1927,  vol.  XI,  pt.  II,  pp.  33-392. 

3.  D’Abreu,  A.  L. :  War  Wounds  of  the  Chest.  In  War  Surgery  Supplement  No.  3, 
War  Injuries  of  the  Chest  and  Abdomen,  P.rit.  J.  Surg.,  19r)2,  pp.  383-403. 

4.  Edwards,  F.  R.,  and  Davies,  H.  M. :  Traumatic  Plemothorax.  Lancet  2 :  G73-6T5, 
30  Nov.  1940. 

o.  Sellors,  T.  II. :  Late  Results  of  Missile  Injuries  of  the  Chest  Treated  in  Britain. 
Penetrating  Chest  Wounds  Treated  at  Leicester  Thoracic  Unit.  In  War  Surgery  Sui)ple- 
ment  No.  3,  War  Injuries  of  the  Chest  and  Abdomen,  Brit.  J.  Surg.,  19.'>2,  pp.  403-408. 

6.  Samson,  P.  C.,  and  Burford,  T.  H. :  Total  Pulmonary  Decortication.  Its  Evolution 
and  Present  Concepts  of  Indications  and  Operative  Technique.  J.  Thoracic  Surg.  10 : 127- 
153,  April  1947. 

7.  Violet  (de  Lyon)  :  De  la  decortication  pulmonaire  dans  Fern py erne  chronique.  Arch, 
gen.  de  med.  193  (vol.  1,  series  10)  :  057-078,  1904. 

8.  Lilieiithal,  H. :  Empyema :  Exi)Ioration  of  the  Thorax  With  Primary  Mobilization 
of  the  Lung.  Ann.  Surg.  02  :  309-314,  September  1915. 

9.  Lockwood,  A.  L. :  The  Empyema  Problem.  Arch.  Surg.  10:297-321,  January  1928. 

10.  Delorme,  E. :  Nouveau  traitement  des  empyeim‘s  chroniqiK'.  Gaz.  d*  hop.  07  :94- 
90,  25  Jan.  1S94. 

11.  Nicholson,  W.  F.,  and  Scadding,  J.  G. :  I’enetrating  Wounds  of  the  Chest.  Review 
of  291  Cases  in  the  IMiddle  East.  Lancet  1 :  299-303,  4  Mar.  1944. 


Tlie  reader  is  referred  to  chapter  XI  (p.  441)  for  lonjr-term  followup  studies  on  casualties  whose 
chest  wounds  were  complicated  by  hemothorax  and  hemothoracic  empyema. 


CHAPTER  VII 


Management  of  Retained  Intrathoracic  Foreign 
Bodies,  Mediterranean  (Formerly  North 
African)  Theater  of  Operations 


Lyman  A.  Bretver  III,  M.D,,  and  Thomas  H,  Burford,  M,D. 


INCIDENCE 

Experience  in  the  Mediterranean  Theater  of  Operations,  U.S.  Army,  dur- 
ino-  World  War  II  showed  that,  exclusive  of  those  in  the  heart  and  pericardium, 
whicli  are  discussed  separately  (p,  10),  retained  intrathoracic  foreign  bodies 
could  be  anticipated  in  approximately  one  out  of  every  four  penetrating  chest 
Avounds. 

The  remarkable  paucity  of  recorded  cases  of  retained  foreign  bodies  after 
World  Mhxr  I  leads  to  two  possible  assumptions,  (1)  that  the  majority  of  pa¬ 
tients  from  Avhom  missiles  Avere  not  removed  remained  symptom-free,  or  (2) 
that  the}"  Avere  unaAvare  of  their  condition.  In  A'ieAv  of  the  general  apprehension 
kuoAvn  to  be  felt  Avhen  casualties  Avere  aware  that  they  Avere  harboring  foreign 
bodies,  the  second  assumption  seems  likely  as  the  explanation  of  a  considerable 
number  of  cases. 


INDICATIONS  FOR  SURGERY 


Experience  Avitli  retained  intrathoracic  foreign  bodies  in  civilian  practice 
Avas  not  of  great  help  to  military  surgeons  because  in  civilian  practice,  the 
patient  could  be  obseiu^ed  and  the  object  removed  electiA"ely  if  it  became  symp¬ 
tomatic.  In  military  practice,  the  surgeon  had  to  decide  Avith  reasonable 
promptness  A\Ii,ether  the  patient  could  be  safely  returned  to  duty  Avith  the 
foreign  body  in  situ,  Avhich  meant  that  he  had  to  predict  the  chances  of  the 
development  of  future  complications,  including  infection. 

Wounding  agents. — Generally  speaking,  if  the  foreign  body  Avas  a  bullet, 
it  Avas  less  likely  to  cause  complications  than  if  it  Avere  a  shell  fragment  or  rib 
fragments. 

Bone  fragments  from  fractured  ribs  furnished  a  special  problem.  Such 
fragments,  set  in  motion  by  the  impact  of  the  missile,  Avere  far  more  apt  to 
produce  lung  damage,  because  of  tlieir  irregular,  jagged  surfaces,  than  metallic 
foreign  bodies.  They  AA"ere  more  frequently  found  in  the  lung  than  Avere  metal- 
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lie  objects.  They  >vere  not  usually  seen  on  preoperative  roentgenograms,  and 
unless  they  presented  tliemselves  on  inspection  or  palpation,  the}'  were  often 
not  recognized  at  operation.  A  2^1‘olonged  search  for  them,  such  as  might  be 
undertaken  for  knoAvn  metallic  objects,  Avas  therefore  seldom  carried  out.  If, 
hoAveA'er,  they  Avere  seen  in  the  lung  through  the  pleural  defect  after  debride¬ 
ment  had  been  completed,  particularly  if  there  Avere  extensive  lacerations  of 
the  pulmonary  j)arenchyma,  it  Avas  best  to  remove  the  fragments  and  repair  the 
damage  Avithout  delay. 

This  Avas  particularly  true  Avhen  the  bone  fragments  Avere  partly  in  the 
parenchyma  and  partly  in  the  pleural  space,  a  location  in  AAdiich  the}-  AA^ere 
likely  to  produce  consideral)le  trauma  as  the  lung  reexpanded  and  came  into 
contact  Avitli  the  chest  Avail.  The  result  Avas  an  air  leak  in  some  cases,  and 
provision  of  an  aAnnue  of  infection  in  others.  Fortunately,  bone  spicules  partly 
in  the  lung  and  partly  in  the  parenchyma  Avere  usual h"  found  and  removed 
Avithout  dilliculty. 

Accessibility  of  objects —If  it  Avas  necessary  to  explore  the  pleura  in  the 
course  of  initial  Avound  surgery  in  thoracic  Avounds,  the  obvious  course  Avas  to 
remoAn  any  accessible  foreign  objects,  regardless  of  size.  This  course,  however, 
Avas  not  justified  if  only  debridement  Avas  required,  nor  Avas  it  employed  in  the 
emergency  treatment  of  sucking  Avounds. 

The  majority  of  foreign  bodies  Avere  located  in  the  periphery  of  the  lung, 
AAdiere  their  remoA'^al  Avas  often — though,  not  always — simple  because  they  Avere 
accessible  (vol.  I).  The  mere  presence  of  an  object  in  the  parenchyma,  hoAv- 
eA^er,  Avas  not  in  itself  an  indication  for  its  removal. 

Size  of  objects. — ^The  size  of  the  object  also  played  a  part  in  the  decision 
for  or  against  removal.  Early  in  the  Avar,  and  especially  Avith  the  establish¬ 
ment  of  the  first  thoracic  surgery  center  in  the  Xorth  African  theater,  the  policy 
AAvas  adopted  of  removing  all  shell  fragments  0.8  cm.  in  diameter  or  larger  seen 
on  posteroanterior  I’oentgenograms.  At  this  time,  it  Avas  thought  that  remoA^al 
Avould  be  simple  liecause  the  location,  by  palpation,  of  objects  of  this  size  Avould 
furnish  no  difficulty.  Later,  AAlien  the  experience  Avas  eAuiluated,  it  Avas  found 
that  it  furnished  a  great  deal,  and  the  policy  Avas  therefore  changed,  so  that 
only  foreign  bodies  of  1.5  cm.  in  diameter  or  larger  Avere  remoA^ed  routinely. 
This  policy,  Avhicli  aAmided  a  great  deal  of  pulmonary  trauma,  proved  increas¬ 
ingly  satisfactory,  and  added  experience  furnished  no  reason  to  alter  this  limit 
in  the  absence  of  other  indications  for  surgery. 

There  Avas  neA^er  any  question  that  A^ery  large  objects  (oA^er  1.5  cm,  in 
length)  should  be  removed,  either  in  the  foinvard  or  the  base  area — that  is, 
during  other  procedures  or  electively — as  soon  as  possible.  Here,  the  question 
AAxas  one  of  timing,  not  of  indication.  If  the  objects  Avere  small,  not  more  than 
1  or  2  cm.  in  length,  they  could  be  let  alone  unless  they  Avere  near  the  heart,  a 
large  vessel,  or  the  esophagus;  then  they  were  remoA^ed.  If  foreign  bodies 
near  Autal  structures  Avere  let  alone  until  complications  had  cleA^elox^ed,  their 
remoA^al  Avas  hazardous. 
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Infection.— It  was  recognized  that  the  lung  and  pleura  tolerate  foreign 
bodies  Avell  and  that  many  of  these  retained  objects  AA^ere  sterile.  Many  of  them, 
hoAA^eA'er,  ay  ere  not,  for  fragments  of  ribs,  bits  of  clothing,  and  other  debris  Avere 
often  carried  into  the  chest  Avith  the  missile  and  furnished  a  nidus  for  infection. 
Infection  Avas  particularly  likely  AAdien  the  object  AA^as  irregular.  On  the  other 
hand,  foreign  material  Avas  not  necessarily  a  source  of  infection.  In  one  series 
studied  in  the  Mediterranean  theater,  a  little  oyer  half  of  the  foreign  objects 
remoA^ed  had  bits  of  clothing  about  them,  but  in  no  instance,  aside  from  4  cases 
in  Avhicti  luug  abscesses  had  already  deA' eloped,  could  posith^e  cultures  be 
obtained  from  the  missile  caAdty.  Unfortunately,  it  Avas  not  possible  to  predict, 
Avithout  surgical  iiwestigation,  in  Avhich  cases  foreign  material  other  than  the 
missiles  Avas  present  and,  if  it  Acere,  in  AAdiich  cases  infection  AA^ould  deA^elop. 

Pulmonary  infection  associated  Avitli  a  retained  foreign  body  AA^as  also  an 
indication  for  surgical  intervention.  Exploration  of  the  chest  and  removal 
of  the  foreign  body  before  infection  developed  practically  ahvays  Avas  folio Aved 
by  a  speedy  recoA^ery,  whereas  the  delayed  treatment  of  a  pulmonaiy  abscess 
about  a  foreign  body  Avas  attended  Avith  grave  risks. 

It  Avas  necessary  to  consider  the  possible  presence  of  a  foreign  body  in  any 
instance  of  prolonged  pulmonary  suppuration  after  AAmunding.  In  an  occa¬ 
sional  case,  a  drainage  tube  AAdiich  had  not  been  securely  anchored  and  had 
slipped  into  the  chest  might  be  the  cause  of  the  trouble.  This  possibility  made 
it  particularly  important  that  tlie  record  state  clearl}^  the  presence  and  location 
of  all  such  tubes. ^  ^ 

Clinical  considerations. — Hemoptysis  associated  Avith  a  retained  foreign 
body  Avas  a  positive  indication  for  its  removal  (fig.  71) . 

Pain  Avas  a  difficult  symptom  to  eAvaluate.  In  most  instances,  it  Avas  con¬ 
nected  Avith  the  Avound  in  the  chest  Avail  and  had  no  connection  at  all  Avith  the 
presence  of  the  object,  though  it  Avas  not  ahvays  possible  to  coiiAunce  soldiers  of 
this  fact. 

Psychic  manifestations,  in  fact,  played  an  extremely  important  part  in  the 
decision  for  or  against  remoA-al.  Many  men  AA’ere  seriously  disturbed  by  tlie 
knoAvledge  that  they  had  one  or  more  shell  fragments  in  the  chest.  It  AYas 
repeatedly  obserA^ed  that  a  patient  Avho  harbored  a  large  foreign  body  in  the 
thigh,  for  instance,  and  a  very  much  smaller  one  in  the  pulmonary  parenchyma, 
ignored  the  former  and  became  lung- conscious  because  of  the  presence  of  the 
latter.  Eeassurance  by  the  surgeon  that  the  pulmonary  object  Avas  unlikely  to 

1  Loss  of  drainage  tubes  into  tlie  pleural  cavity  seems  to  be  an  important  cause  of  chronic 
empyema.  The  exact  number  of  such  cases  encountered  in  Veterans’  Administration  hospitals  is  not 
clear,  but  one  of  the  authors  of  this  chapter  has  performed  several  operations  for  this  cause.  The 
experience  suggests  to  him  that  it  is  important  that  the  presence  of  a  drainage  tube  be  specifically 
recorded  each  time  a  dressing  is  changed  ;  failure  to  find  it  on  subsequent  dressings  would  then  be 
an  indication  for  roentgenologic  study  and  an  attempt  to  retrieve  it,  which  is  not  a  diflicult  matter 
if  it  is  searched  for  immediately.  Within  48  hours  or  longer,  the  pleura  may  seal  over  it  and  surgery 
may  be  required  for  its  removal. — L.  A.  B.  III. 

2  The  obvious  solution  of  this  problem  is,  of  course,  prophylactic— the  attachment  of  a  safety  pin 
or  other  radiopaque  marker  to  every  drainage  tube. — ^F.  B.  B. 
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gh  e  him  trouble  sometimes  satishecl  him,  but  in  borderline  cases,  of  course,  no 
honest  guarantee  could  be  given  that  he  Avould  be  immune  from  late  complica¬ 
tions.  In  such  cases,  the  policy  was  to  remove  the  object. 

It  was  also  the  policy  to  remove  the  object  vdien  the  patient  Avith  an  intra- 
thoracic  foreign  body  complained  of  vague  pains  in  the  chest,  shortness  of 
breath,  and  other  subjective  symptoms.  If  these  manifestations  persisted,  his 
emotional  attitude,  quite  aside  from  any  2:)hysical  considerations,  Avould  ob- 
A  iously  interfere  Avith  his  return  to  duty,  and  tlie  proper  course  aa  ^s  to  remoA'e 
the  retained  missile. 

Conclusions. — The  final  decision  concerning  removal  Avas  based  on  a  num¬ 
ber  of  factors,  including  the  size  and  shape  of  the  foreign  body  5  A\diether  there 
Avere  multiple  or  single  objects;  the  location  of  the  object  or  objects;  the  pres¬ 
ence  or  absence  of  symptoms  Avhicli  could  be  attributed  to  the  presence  of  the 
object;  and  the  patient's  ability  to  Avithstand  surgery.  Objects  Avhicli  had  been 
retained  from  10  to  14  days  Avere  unlikely  to  cause  immediate  trouble,  and 
individualizal ion  of  each  case  was  therefore  possible.  As  a  matter  of  fact,  a 
theater  policy  regarding  the  removal  of  foreign  bodies  Avas  necessarily  tenta¬ 
tive;  AAdiether  retained  objects  Avould  give  future  trouble  Avas  a  question  Avhich 
could  be  ansAvered  only  by  folloAvup  in  the  future. 
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Although  there  Avas  eventually  a  fair  amount  of  agreement  concerning  the 
size  of  foreign  bodies  for  AAdiich  removal  Avas  indicated,  the  proper  time  for 
operation  remained  the  subject  of  considerable  discussion  until  the  end  of  the 
Avar. 


The  remoAail  of  foreign  bodies  could  seldom  be  justified  as  an  indication  for 
thoracotomy  in  foiUAurd  areas,  especially  Avhen  immediate  eA'acuation  to  the  rear 
Avas  contemplated.  Removal  of  the  objects  Avithin  24  to  48  hours,  unless  they 
Avere  encountered  in  the  course  of  initial  Avouud  surgery,  Avas  generally  frowned 
upon.  The  surgical  risk,  tlie  rate  of  infection,  and  the  morbidity  from  other 
causes  AAure  all  increased  Avhen  this  practice  Avas  folloAved.  Experience  proved 
that  only  a  very  feAV  objects  gaAu  rise  to  any  difficulty  if  they  Avere  left  in  situ 
until  the  patient  Avas  evacuated  to  a  fixed  hospital  {vol,  I),  It  Avas  therefore 
Lie  policy  to  leave  them  undisturbed  AA'hen  thoracotomy  Avas  done  on  some  Aulid 
indication  in  a  field  or  ca  acuation  hospital  unless  they  Avere  readily  accessible. 
When  the  missile  could  be  seen  under  the  fluoroscope  to  be  pointing  against  a 
Luge  vessel  and  inoN  ing  Avith  each  pulsation,  prompt  removal  was  obviously 
indicated. 


Very  feAv  experienced  thoracic  surgeons  removed  retained  foreign  bodies 
until  at  least  14  days  after  Avounding.  By  this  time,  pulmonary  equilibrium 
had  been  reestablished.  Traumatic  Avet  lung  had  been  controlled,  Avith  reaera- 
tion  of  alveoli,  absorption  of  interstitial  fluid,  removal  of  extra Ausated  intra- 
pulmonary  blood,  and  reestablishment  of  normal  tracheobronchial  patency. 
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Teclmically,  it  was  far  easier  to  locate  metallic  fragments  in  crepitant,  aerated 
pulmonary  tissue  than  in  the  boggy,  indurated  tissue  present  soon  after  injury. 
Tlie  lung  Avas  better  able  to  Avithstand  lobotomy  after  it  had  recoA^ered  to  some 
extent  from  the  oi'iginal  injury.  Finally,  secondary  closure  of  debrided  AA^ounds 
had  usually  been  accomplished  AAnthin  the  period  specified,  and  the  absence  of 
granulating  AA^ounds  in  the  chest  AA'all  greatly  reduced  the  hazard  of  infection. 
Tlie  general  policy  aa^xs  to  close  open  AA^ounds  in  the  chest  AA'all  by  dela^^ed  pri¬ 
mary  AA'ound  closure  at  least  24  hours  before  thoracotomy  for  remoA- al  of  retained 
foreign  bodies.  The  incision  for  the  thoracotomy  aauxs  then  so  planned  that  these 
AA'ounds  AA'ere  aAmided.  It  AA-as  eA^en  better  if  the  operation  could  be  deferred 
until  the  chest  AA'ound  AA^as  solidly  healed,  especially  if  it  had  to  be  traA^ersed  in 
performance  of  the  thoracotomy  for  remoAaxl  of  the  foreign  body. 

The  status  of  tlie  AA'ound  in  the  chest  AA'all  plaA-ed  a  part  in  the  end  results 
of  remoAaxl  of  foreign  bodies.  In  102  operations  in  one  series  (p.  349),  3  of  the 
4  emp3'emas  AA'hich  cleA-eloped  after  operation  AA'ere  directly  attributable  to  the 
presence  of  an  unhealed  AA'Ound  in  the  thoracic  AA'all  at  the  time  of  operation. 

By  the  policy  of  delayed  surgery,  the  patient  Avas  in  a  hospital  toAvard  the 
rear,  AA'here  more  detailed  study  could  be  made  and  the  decision  for  or  against 
remoA'al  of  the  foreign  body  arriA^ed  at  deliberately,  and  not  under  the  stress  of 
combat  conditions  in  a  forAA^ard  hospital.  Better  preoperatBe  and  post- 
operatiA'e  care  AA^as  also  axuiilable  in  a  fixed  hospital,  in  Avliich  the  patient 
could  be  kept  as  long  as  Avas  necessary.  All  the  circumstances,  therefore,  Avere 
more  faxmrable  for  success  than  they  AA'ere  after  a  hasty  operation  performed  as 
an  emergency  before  cardiorespiratory  equilibrium  AA'as  reestablished. 

While  foreign  bodies  Avere  frequently  remoA^ed  Avithout  difficulty  AA'eeks  and 
eA'en  months  after  AA'Ounding,  long  delays  AA'ere  not  desirable  if  it  AA'as  clear  that 
the  objects  must  be  remoA^ed.  When  more  than  2  AA'eeks  had  elapsed,  the  in¬ 
creased  fibrosis  present  around  them  sometimes  made  repair  and  closure  of  the 
parenchymal  incision  more  diflicult.  Extensix-e  intrapleural  adhesions,  com¬ 
posed  of  fibrous  tissue,  sometimes  made  it  difficult  to  palpate  the  object  AA'ithin 
the  lung,  and  separation  of  the  adhesions  AA'as  likely  to  be  time  consuming  and 
associated  AA'ith  considerable  oozing.  In  addition,  the  fibrous  tissue  reaction 
AA'hich  had  usually  deA^eloped  around  the  object  by  this  time  itself  resulted  in 
the  creation  of  a  space  in  the  lung  that  AA'as  often  difficult  to  obliterate. 

Delay  in  the  remoA^al  of  the  foreign  body  AA'hen  its  excision  AA'as  clearly  indi¬ 
cated  AA'as  sometimes  necessary  because  of  other  AA'ounds.  One  patient,  for 
instance,  Avitli  a  spinal  injury,  also  harbored  a  large  intrapleural  foreign  body 
6  by  3  by  2  centimeters.  The  size  of  the  object  furnished  a  clear  indication  for 
its  remoAuil,  but  the  condition  of  the  patient  because  of  his  spinal  injury  made 
it  impossible  to  operate  on  him  until  20  days  after  AAOimding.  By  this  time, 
the  missile  had  produced  so  much  erosion  of  lung  tissue  that  a  bronchopleural 
fistula  had  fonned;  empyema  had  then  deA^eloped;  and  a  seA'ere  intrapleural 
hemorrhage  occurred  and  AA'as  a  contribixting  cause  of  death.  In  retrospect,  an 
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Figuke  124  (case  1). — Retained  foreign  body  iii  lung.  A.  Posteroaiitcrior  roentgeno¬ 
gram  showing  metallic  foreign  body  in  upper  lobe  of  right  lung  immediately  after  wound¬ 
ing.  B.  Same,  2  w  eeks  after  thoracotomy  and  removal  of  foreign  body. 


earlier  attempt  to  remove  the  foreign  body,  in  spite  of  the  surgical  risk  pre¬ 
sented  by  the  patient,  might  have  been  lifesaving. 

The  folloAving  case  reports  are  not  exceptional.  They  are  tyx^ical  of  the 
faA'orable  results  consistently  obtained  when  retained  intrathoracic  foreign 
bodies  were  correctly  handled,  according  to  the  principles  of  management 
standardized  in  the  Mediterranean  theater. 

Case  1.- — A  U.S.  Army  nurse,  when  struck  by  a  bomb  fragment  on  20  jMarch  1944,  sus¬ 
tained  a  penetrating,  sucking  wound  of  the  right  chest  and  a  right-sided  liemopneumo- 
thorax.  The  bomb  fragment  lodged  in  the  right  upper  lobe. 

The  wound  of  entry  \Yas  debrided  and  the  sucking  wound  closed,  after  which  thoracen¬ 
tesis  was  instituted.  Closure  was  completed  by  delayed  primary  wound  closure  5  days 
later. 

Fluoroscopic  and  roentgenologic  localization  reveahal  a  fragment  1.5  cm.  in  its  greatest 
diameter  lying  in  the  upper  lobe  of  the  right  lung  (fig.  124A).  Thoracotomy,  without 
costal  section  or  resection,  waas  done  4  ’weeks  after  injury,  and  the  fragment  wais  removed. 

The  patient  made  an  uneventful  recovery  (fig.  124B).  Her  transfer  to  the  Zone  of 
Interior  for  reassignment  Avas  for  psychic  rather  than  physical  factors. 

Case  2. — a’his  patient,  Avho  Avas  Avounded  by  a  high-velocity  missile,  underAvent  thorough 
debridement  at  an  evacuation  hospital,  after  adequate  resuscitation,  and  Avas  evacuated 
to  a  thoracic  center  4  days  after  injury.  The  Avound  Avas  closed  on  the  fifth  day  and  healing 
per  primam  occurred.  Aspiration  of  a  hemothorax  of  moderate  size,  Avhich  had  iieen  begun 
in  the  evacuation  hospital,  Avas  continued  daily  until  the  pleural  space  Avas  empty. 

Accurate  localization  of  the  missile  to  the  posterior  portion  of  the  apex  of  the  left  lOAA^er 
lobe  Avas  accomiilished  by  roentgenologic  examination  in  tAAm  planes  (fig.  12r)A  and  B). 
Thoracotomy,  Avithout  costal  section  or  resection,  aa^as  performed  on  the  12th  day  after 
Avounding.  The  object  Avas  removed  Avithout  difficulty. 

Convalescence  Avas  entirely  uneventful.  One  Aveek  after  thoracotomy,  the  lung  Avas 
clear  and  Avell  expanded  (fig.  125C),  and  the  pleural  space  contained  neither  air  nor  fluid. 
Ten  days  after  operation,  the  Avound  Avas  solidly  healed:  the  patient  Avas  progressively 


Relaiiiod  foreign  body  in  lung.  A.  Posteroanterior  roentgcno- 
1;  lung  field.  The  obscuration  is  the  result  of  an  organizing  peel 
3.  Lateral  roentgenogram.  C.  Posteroanterior  roentgenogram 
id  removal  of  foreign  body.  Lung  is  now  completely  expanded. 
A  Am  vs:  oDerntioii.  Note  well-healed  scar  and  full  range 
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ambulant;  and  lie  had  a  full  range  of  arm  and  shoulder  motion  (fig.  12oD).  Within  22 
days  after  injury,  the  reparath’e  phase  of  nianagenient  was  completed  and,  after  a  brief 
period  of  rehabilitation,  return  to  full  duty  was  anticipated. 

TECHNIQUES  OF  LOCALIZATION 

Thoracotomy  for  the  removal  of  foreign  bodies  retained  in  the  pleural 
cavity  and  the  lungs  was  a  safe  and  rational  procedure  only  tvlien  the  preopera- 
twe  localization  of  these  objects  had  been  sufficiently  accurate  for  their  removal 
without  extensit'e  manipulations  and  an  extended  search  for  them.  Only  by 
the  possession  of  reliable  information  concerning  their  location  could  there  be 
a  logical  surgical  approach. 

General  considerations.— While  all  phases  of  localization  Avere  importantj 
the  first  problem  that  concerned  the  thoracic  surgeon  Avas  Avhetlier  the  foreign 
body  lay  Avithin  the  confines  of  the  pleura  or  in  the  extrapleural  tissues.  Many 
objects  in  the  chest  Avail  could  be  remoA^ed  under  local  analgesia,  and  no  special¬ 
ized  training  Avas  required  for  their  proper  management.  The  object  Avhich 
lay  Avithin  the  pleural  cavity  necessitated  a  very  dilferent  intellectual  and  tech¬ 
nical  approach  from  that  AAdiich  Avould  be  used  for  an  entirely  extrapleural 
foreign  body  in  the  chest  Avail.  Once  the  pleural  boundary  had  been  crossed, 
the  surgeon  Avas  confronted  Avith  a  host  of  problems,  such  as  the  management  of 
open  pneumothorax  and  the  necessity  for  positive  pressure  anesthesia,  Avhich 
required  specialized  training  for  their  solution. 

In  a  AA'ar  zone,  there  Avas  frequently  not  at  hand  the  equipment  commonly 
employed  in  peacetime  for  the  accurate  localization  of  intrathoracic  foreign 
bodies,  such  as  stereoscopy,  the  parallax  method,  and  electric  locators.  That 
did  not  mean,  hoAAXA^er,  that  accurate  localization  could  not  be  accomplished  in 
almost  every  case  if  cognizance  Avas  taken  of  basic  principles  and  if  a  systema¬ 
tized  plan  of  study  Avas  folloAved.  The  plan  to  be  described  proved  its  efficiency 
in  the  localization  of  several  hundred  foreign  bodies  in  the  chest  observed  in  the 
Mediterranean  theater. 

Physical  examination. — (direful  ])ali)ation,  if  successful,  Avas  the  most 
accurate  possible  method  of  determining  the  location  of  a  foreign  body.  Palpa¬ 
tion  soon  after  Avounding  might  be  futile  because  of  tenderness  and  spasm. 
When  they  had  disappeared,  palpation  Avas  frequently  A^ery  useful. 

Case  3. — This  patient  received  a  chest  ayohikI  from  an  enemy  machine  pistol,  the  bullet 
coming  to  lie  in  the  soft  tissues  of  the  posterior  thoracic  cage.  It  aatis  easily  visualized 
(fig.  12G)  by  posteroanterior  and  lateral  films.  When  the  patient  aants  admitted  to  the 
chest  center,  the  bullet  could  not  be  palpated.  As  spasm  and  tenderness  subsided,  it  was 
readily  palpalile.  At  operation,  it  was  found  lying  in  the  erector  spinae  muscles  and  AAms 
recovered  Avithout  difficulty  under  local  anesthesia. 

Roentgenologic  examination.— The  study  of  a  patient  AAuth  a  foreign 
body  in  the  chest  began  Avith  routine  posteroanterior  and  lateral  roentgeno¬ 
grams.  Although  in  numerous  instances,  these  tAvo  vieAvs  apparently  sufficed 


FIC4UEE  120  (case  3). — Retained  foreign  body  in  posterior  cbest  ^yall.  A.  Posteroaii- 
terior  roentgenogTain  sliowiiig  missile  probably  in  thoracic  wall.  R.  Lateral  roentgeno¬ 
gram.  At  operation,  the  missile  was  found  in  the  erector  spinae  muscles. 


for  accurate  localization,  in  general,  they  were  usually  considered  as  little  more 
than  scout  films,  to  indicate  the  direction  that  subsequent  investigation  should 
take.  To  rely  solely  upon  them  could  easily  lead  to  grief.  That  one  AueAv  Avas 
AA^orthless  for  localizing  purposes  seems  almost  too  obvious  to  mention,  but 
occasionally,  a  patient  Avas  encountered  Avhose  chest  had  been  explored — fruit¬ 
lessly — on  the  basis  of  a  single  film. 

In  the  examination  of  the  initial  films,  the  chest  Avas  diA'ided  into  sectors 
(fig.  127),  Avhich.  made  it  possible  to  determine  certain  facts  at  once.  If  the 
object  lay  outside  of  these  sectors,  it  Avas  clear  that  it  Avas  extrapleural.  To 
illustrate : 

Let  it  be  assumed  that  a  missile  lies  on  the  right  side  of  the  chest,  in  sector 
B-B'  (fig.  127).  If  only  the  posteroanterior  film  Avere  examined,  the  object 
could  lie  anyAvhere  in  the  sagittal  plane  of  the  right  mid  hemithorax.  Further 
examination  of  the  lateral  film  clarified  the  matter.  If  the  object  lay  in  the 
anterior  chest  Avail,  it  Avould  appear  in  sector  A'.  If  it  Avere  in  the  tissues  of  the 
posterior  chest  AA^all,  it  Avould  lie  in  sector  Cb  Since,  in  the  lateral  aucav,  it  lay 
in  sector  IV,  it  Avas  assumed  to  lie  in  the  midcoronal  plane,  and  to  be  intrapul- 
inonary,  as  it  proved  to  be : 

Case  4. — This  patient  Avas  struck  in  the  right  side  of  the  chest  by  a  German  rifle  l)uUet. 
Examination  of  posteroanterior  and  lateral  Aims  (fig.  127)  showed  that  it  lay  in  sector 
B-Bt  At  operation,  the  missile,  which  AA^as  the  brass  jacket  of  a  rifle  bullet,  AA’as  remoA^ed 
from  the  right  middle  lobe. 
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Figt^uk  127  (case  4). — Localization  of  iiitratlioracic  foreis'ii  bodies  by  division  of  cbest 
into  arbitrary  sectors.  A.  Posteroanterior  roentgenogram  showing  objec-t  in  Inng.  IL  Lat¬ 
eral  roentgc'iiogra  in . 


Botli  suspect ed  and  unsuspected  foreign  bodies  frequently  came  to  li^’lit 
after  yutlidrawal  of  fluid  or  air  or  liotli  from  tlie  cliest,  with  resulting  reexpan- 
sion  of  the  lung  and  coincidental  changes  in  position  of  the  object  (fig.  1;28). 
Such  evidence  was  always  looked  for  on  serial  films.  Foreign  bodies  observed 
in  serial  films  to  have  drop|)ed  from  apex  to  base  were  intrapleural  and  extr:i- 
pulmonary.  A  characteristic  positional  change  related  to  mot^ement  of  the 
shoulder  girdle  or  of  large  muscle  group  of  the  chest  wall  furnished  prima  facie 
eyidence  that  the  foreign  body  Avas  extrapleural. 

The  following  case  history  illustrates  this  situation : 

Case  5. — In  this  case,  the  foreign  body  was  found  in  sector  B  in  the  left  side  of  the 
chest  (fig.  12r)A).  It  seemed,  suspended  high  in  the  center  of  a  pneumothorax  pocket,  with 
no  visible  means  of  support.  Since  it  did  not  drop  to  the  l)ottom  of  the  pleural  cavity,  it 
could  not  possibly  lie  free  within  it.  When  the  lung  was  completely  reexi)anded  (fig.  12bB) , 
there  was  no  significant  positional  change;  the  slight  change  in  the  axis  of  the  metallic 
fragment  was  caused  by  elevation  of  the  shouldm-s.  This  phenomenon  was  frequently  help¬ 
ful  in  localizing  foreign  bodies  in  and  about  the  scapula  and  clavicle. 

At  operation,  this  shell  fragment  was  removed  from  a  location  deep  to  the  pectoralis 
major  muscle,  just  inferior  to  the  left  clavicle. 

Tire  closer  11  le  foreign  body  lay  to  tlie  pleural  surface,  the  more  difficult 
it  Avas  to  be  certain  that  it  lay  Avithin  the  lung  tissue.  In  fact,  if  it  lay  in 
sectors  other  than  B-B',  posterolateral  and  anterior  films  Avere  inadequate,  and 
recourse  to  supplemental  pi'ocedures  aa^is  necessary. 
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Figuke  128. — Localiziition  of  iiitratlioracic  foreign  body.  A.  Posteroanterior  roent¬ 
genogram  showing'  foreign  body  in  nndeterinincd  location.  B.  Same,  after  expansion  of 
lung.  The  change  of  position  of  the  object  with  the  movement  of  the  lung  shows  that  it 
is  intrapulmonary. 


FiGuaB  129  (case  5). — Localization  of  foreign  body  in  chest  wall.  A.  Posteroanterior 
roentgenogram.  B.  Reexpansion  of  lung.  j\Ii.ssile  has  not  moved.  The  change  in  its  axis 
is  explained  by  the  difference  in  the  position  of  the  shoulder  girdle  in  the  two  views.  At 
operation,  it  was  removed  from  the  chest  wall  just  inferior  to  the  left  clavicle. 
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i:i()  (case  (>)■ — Localization  of  iiitraimlinonar.v  foreiii'ii  bofly.  A.  Posteroaii- 
terior  roeiitgeuogTani.  B.  Lateral  roentgenogram.  At  operation,  the  missile  was  removed 
from  the  left  lower  lobe. 


Fluoroscopy.— If,  duribg  the  examination  under  the  fiuoroscope,  the  re¬ 
tained  missile  was  observed  to  move  the  distance  of  an  interspace  Avith  the 
respiratory  act,  it  Avas  assumed  to  be  intrapulmonary.  If  it  moved  synchron¬ 
ously  Avith  the  cardiac  pulsations,  then  it  might  be  in  the  lung  or  in  the 
mediastinum. 

Case  6. — This  patient,  an  Italian  prisoner  of  war,  was  struck  in  the  left  chest  by  a 
high  explosive  fragment.  On  Huoroscopic  examination,  the  object  was  seen  to  move  syn¬ 
chronously  with  the  respiratory  excursions.  Bosteroanterior  and  lateral  fllms  (tig.  130) 
shOAA’ed  it  lying  in  sector  C-C'. 

At  thoracotomy,  it  Avas  removed  Avithout  difficulty  from  deep  in  the  left  lOAver  lobe. 

Case  7. — This  patient  Avas  struck  in  the  left  chest  by  a  high  explosive  fragment.  Ex¬ 
amination  of  the  posteroanterior  and  lateral  films  placed  the  object  in  sector  A-G'  (fig. 
131).  It  AA-as  not  possible  to  determine,  from  the  films  alone,  that  the  fragment  did  not 
lie  outside  the  bony  cage.  Fluoroscopy  projected  the  missile  AAfithin  the  arc  of  the  ribs 
and  thus  in  lung  tissue. 

At  thoracotomy,  the  missile  Avas  removed  from  the  left  loAver  lobe. 

Fluoroscopic  examination  Avas  supplemented  by  spot  films  made  by  a  special 
technique  AAlieneATr  the  missile  Avas  in  a  periplieral  sector  and  had  not  been 
located  by  other  means.  Under  fluoroscopic  visualization,  the  patient  Avas 
rotated  so  that  the  foreign  body  Avas  brought  to  the  position  apparently  nearest 
to  the  external  thoracic  surface.  In  this  profile  position,  as  the  folloAving  case 
shoAvs,  it  Avas  usually  possible  to  determine  Avhether  the  object  Avas  extrapleural, 
intrapleural,  or  infrapulmonary.  Spot  films  Avere  made  for  more  deliberate 
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Figcuh  131  (case  7)  .—Localization  of  foreign  body  in  lung.  A.  Posteroanterior 
roentgenogmm  sliowing  ini.ssile  on  left  in  indeterminate  i)Osition.  B.  Lateral  roentgeno¬ 
gram,  wliicli  is  equally  inconclusive.  Fluoroscopy  was  necessary  in  this  case  to  localize 
the  ol).1ect  in  the  left  lower  lobe. 

Case  8. — This  patitait  was  wounded  l)y  a  high  explosive  fragment.  The  foreign  bf)dy 
lay  ill  sector  A-B'  (figs.  132A  and  B).  When  objects  were  in  this  location,  it  was  impos¬ 
sible,  without  supphunental  studies,  to  be  certain  that  they  lay  intrapleurally  or  extra- 
pleurally.  Utilizing  fluoroscopy,  with  rotation  of  the  patient,  an  additional  roentgenogram 
(fig.  1320)  showed  that  the  object  lay  outside  the  lung  surface.  Since,  furthermore,  it 
was  projected  external  to  the  inner  margin  of  the  rib,  it  necessarily  lay  in  the  thoracic 
wall  and  not  within  the  pleural  cavity.  The  straight  line  of  increased  density  shown  in  the 
roentgenogram  in  this  position  was  due,  as  in  similar  cases,  to  an  extrapleural  hematoma 
associated  with  the  metallic  object  deep  in  the  thoracic  wall. 

Diagnostic  pneumothorax. — If  the  issue  was  still  in  doubt,  the  matter 
could  usually  be  promptly  settled  by  diagnostic  pneumothorax  (fig.  133). 
When  air  was  injected  into  the  chest  aud  the  foreign  body  underwent  positional 
chauges  coincidental  with  those  observed  in  the  lung,  it  was  obviously  intrapul- 
monary.  If  it  remained  in  its  original  position,  as  in  the  following  case,  it  was 
oh  i  ousl  y  extra  pul  mon  a  ry . 

Case  9.^ — This  patient  sustained  multiple  penetrating  chesr  wounds  from  high  explosive 
fragments.  Two  objects  lay  in  the  soft  tissues  of  the  lower  lateral  chest  wall  (fig.  134). 
The  third  object  lay  in  sector  B-CV,  in  which  supplemental  studies  are  practically  always 
required.  Diagnostic  pneumothorax  did  not  alter  the  position  of  the  fragment. 

The  extrapulnionary  location  of  the  object,  as  indicated  by  fluoroscopy,  was  confirmed 
by  operation,  at  which  it  was  removed  through  a  simple  incision  over  the  ninth  interspace. 

A  combination  of  fluoroscopic  examination  and  pneumothorax  also  settled 
the  location  of  foreign  bodies  lying  partly  in  the  extrapleural  tissue  and  partly 
intrapleurally.  This  was  a  particularly  important  variety  of  retained  object 
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Figure  132  (case  S). — Localization  of  foreign  body  in  chest  wall.  A.  Posteroanterior 
roentgenogram  showing  missile  in  nndetermined  position.  I>.  Lateral  roentgenogram, 
which  is  also  iiicleterminate.  C.  Roentgenogram  taken  after  rotation  of  patient  to  bring 
foreign  l)()dy  to  profile  position.  It  is  now  seen  to  lie  in  the  thoracic  wall. 

(p.  o2()).  In  the  following  case,  the  developnient  of  a  hemopnenmothorax 
seiwecl  the  purpose  of  an  artificial  pneumothorax  and  clarified  the  position  of  the 
fragment : 

Case  10. — This  patient  was  wounded  by  a  penetrating  high  explosive  fragment. 
Posteroanterior  and  lateral  roentgenograms  showed  it  lying  in  sector  B-B'.  Since  it  was 
quite  large,  it  was  thought  that  accurate  localization  might  be  difficult.  Later,  when  the 
patient  developed  a  hemopneuinothorax,  the  definite  rotation  of  the  object  (fig.  135)  showed 
that  it  must  be  within  lung  tissue. 

The  diagnosis  was  confirmed  at  operation. 

Pneumothorax  was  never  instituted  until  a  competent  thoracic  surgeon  or 
other  medical  officer  had  stated  that  it  could  safely  be  used.  Lung  puncture 
and  hemorrhage  were  always  possibilities.  The  use  of  this  method  was  limited. 
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FiouitE  138. — T.oealizntioii  of  foreign  body  in  clie.st 
wall.  I‘osleroanlerior  roentgenograin  after  small 
artificial  pneumothorax.  In  this  case,  both  plain 
roentgenography  and  fluoroscopy  had  failed  to  local¬ 
ize  the  ob.jcct. 


134  (case  9). — Localization  of  foreign  bodies  in  chest  wail.  xV.  Posteroanterior 
roentgenogram  showing  two  objects  in  soft  tissues  of  lower  lateral  chest  wall  and  a  third 
possibly  within  the  lung  parenchyma.  B.  Lateral  roentgenogram  showing  the  position  of 
the  third  fragment  was  not  altered  by  diagnostic  pneumothorax.  It  was  removed  at  opera¬ 
tion  by  a  simple  incision  over  the  ninth  interspace. 
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Figuke  13o  (case  10). — Localization  of  foreign  body  in  lung.  A.  Posteroanterior  roent- 
geiH)gram  showing  foreign  body  in  indeterniinate  position.  P,.  Lateral  roentgenogram. 
C.  Posteroanterior  roentgeiiograin  showing  change  in  position  of  foreign  body  with  develop¬ 
ment  of  hemopnenmothorax. 
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Figure  136. — Localization  of  foreign  body  in  diaphragm.  A.  Posteroanterior  roent¬ 
genogram  of  chest  and  upper  abdomen.  B.  Left  lateral  roentgenogram.  G.  Oblique  view 
after  induction  of  artificial  pneumoperitoneum.  The  diaphragm  is  shown  in  profile  in  this 
film,  and  the  foreign  body  is  clearly  seen  embedded  in  it.  The  localization  was  found  cor¬ 
rect  at  operation. 


A  special  technique  was  required,  in  which  relatively  few  medical  officers  were 
trained,  because  of  the  decreasing  use  of  pneumothorax  in  the  treatment  of 
tuberculosis. 

Diagnostic  pneumoperitoneum. — Foreign  bodies  about  the  diaphragm 
were  notoriously  difficult  to  localize.  It  was  frequently  necessary  to  induce  a 
diagnostic  pneumoperitoneum  to  establish  their  exact  location  (figs.  loO,  137, 
and  138).  Once  it  had  been  induced,  posteroanterior  and  lateral  films  were 
made  in  the  upright  position,  sometimes  supplemented  by  oblique  films  and  films 
in  the  lateral  decubitus.  If  these  studies  produced  even  a  single  view  showing 
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Figuee  137  (case  11). — Localization  o!  foreign  body  in  diaphragm.  A.  Posteroanterior 
roentgenogram  showing  foreign  body  in  A’icinity  of  diaidiragm.  P>.  Posteroanterior  roent¬ 
genogram  after  piieninoperitoneum  showing  object  possil)ly  in  abdomen.  C.  Lateral  roent¬ 
genogram  showing  foreign  body  in  diaphragm. 


the  foreign  body  aboA^e  the  diaphragm,  it  was  eA'ident  that  the  location  was  intra- 
thoracic  and  not  siibdiaphragmatic,  as  the  following  cases  sIioaA' ; 

Case  11. — This  patient  sustained  a  wound  of  the  left  chest  from  a  high  explosive  frag¬ 
ment.  Posteroanterior  and  lateral  views  (fig.  137)  showed  it  lying  in  sectors  A-B',  in 
the  vicinity  of  the  diaphragm,  a  location  in  which  accurate  localization  was  always 
more  diflicult.  After  pneumoperitoneum  had  been  induced,  additional  films  left  the  loca¬ 
tion  still  undecided.  A  third  film  (fig.  137C)  definitely  located  the  object  in  the  superior 
substance  of  the  diaphragm. 


FiGTiiiE  138  (case  12)  .—Localization  of  foreign  bodies.  A.  l*osteroanterior  roentgeno- 
grain  showing  three  foreign  bodies  in  right  chest  (No.  1  extrapleural,  No.  2  in  luideterinined 
location,  No.  3  in  abdomen) .  B.  Lateral  roentgenogram  showing  same  positions.  C.  Profile 
roentgenogram  after  pneumoperitoneum.  Object  No.  2  in  this  film  is  seen  projected  in  the 
lung  tissue ;  at  operation,  it  was  found  in  the  middle  lobe  of  the  lung.  D.  Oblique  roent¬ 
genogram  showing  right  costal  margin.  In  this  view,  object  No.  3  lies  outside  the  sub¬ 
stance  of  the  liver. 
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FiGviiK  — Locnlizjil  ioii  of  foreiii'ii  li(Kly  in  media st  iimm.  A.  Lateral  roentgenogram 
showing  foreign  body  in  mediastinum.  At  ()])eration.  it  was  found  to  he  associated  with 
abscess  formation.  B.  Posteroanterior  roentgenogram  2  weeks  after  thoracotomy,  re¬ 
moval  of  object,  and  evacuation  of  alcscess.  Recovery  was  uncomplicated,  without  medias¬ 
tinal  or  pleural  complications. 

In  this  case,  as  in  a  number  of  similar  cases,  the  oblique  was  decisive. 

Case  12. — In  this  case,  as  in  the  preceding  case,  it  was  necessaiy  to  induce  pneu¬ 
moperitoneum  to  secure  exact  localization  of  three  foreign  laxlies  (tig.  188).  Posteroan¬ 
terior  and  lateral  tilms  showed  one  object  to  be  extrajdeural.  lying  in  the  soft  tissues  of  the 
chest  wall.  The  second  object  lay  in  the  anterior  costophrenic  region  above  the  diaphragm, 
though  whether  it  was  intrapulnionary  or  intrapleural  was  not  clear.  xV  profile  view  (fig. 
138C)  projectcHl  the  missile  in  lung  tissue,  thus  proving  that  it  did  not  lie  in  the  intercostal 
soft  tissues.  A  third  object  lay  outside  the  substance  of  the  liver  (fig.  13SD). 

Xt  thoracotomy,  the  second  object  was  found  lying  in  the  substance  of  the  middle  lobe 
of  the  lung. 

Pneumoperitoneum,  like  pneumothorax,  had  to  be  used  Avith  care  and  judg¬ 
ment.  It  Avas  never  employed  in  the  presence  of  intra-abdominal  infection.  If 
abdominal  surgery  had  been  perfoiined  recenthy  satisfactory  air  caps,  because 
of  adhesions,  Avere  not  usually  seen  OA^er  and  around  the  liver.  If  the  object 
Avas  on  the  left  side,  a  2-gm.  dose  of  sodium  bicarbonate  given  orally  15  minutes 
before  the  films  Avere  made  frequenth"  produced  enough  gaseous  distention  for 
a  satisfactory  outline  of  the  left  diaphragm.  In  an  occasional  case,  both 
pneumothorax  and  pneumoperitoneum  had  to  be  employed  diagnostically  to 
achieve  definitive  localization  of  the  object. 
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FiorHi-:  140  (case  lo). — Localization  of  foreign  bodies  in  Iniig  and  iiKMliastinuin.  A. 
Posteroanterior  roentgenogram  showing  one  foreign  body  in  Iniig  and  other  eitlun-  in  lung 
or  mediastinal  tissue.  B.  Lateral  roentgenogram  showing  same  indetcrmimite  location  of 
second  object.  At  operation,  it  was  found  just  under  the  mediastinal  pleura. 

Localization  of  mediastinal  foreign  bodies.— Mediastinal  foreign  bodies 
sonietiines  oifered  difficulties  of  localization  (figs.  139  and  140).  Tliey  ivere 
most  often  found  in  sector  C-B'  and  in  this  location  were  frequently  observed 
to  move  synchronously  with  the  cardiac  pulsations.  On  the  left  side,  in  this 
location,  they  might  be  either  cardiac  or  pericardial  problems.  Differential 
diagnosis  required  carefid  study  and  consideration: 

Case  13. — This  patient  received  multiple  wounds  of  the  extremities  and  the  right  side 
of  the  chest  when  a  shell  exploded  close  to  him.  Examination  of  the  posteroanterior  film 
(fig.  140A)  showed  two  foreign  bodies.  The  first  lay  in  sector  B-B'  and  was  clearly  in  the 
iiitrapulmonary  substance.  The  second  lay  in  sector  C-B',  which  made  it  necessary  again 
to  differentiate  between  an  intrapulmonary  and  a  mediastinal  location. 

At  operation,  the  second  object  was  found  in  the  mediastinum,  just  under  the  medias¬ 
tinal  pleura. 

The  evaluation  of  mediastinal  foreign  bodies  was  also  important  from 
another  standpoint,  the  possibility  of  injury  of  the  esophagus.  If  this  suspi¬ 
cion  existed,  operation  was  a  matter  of  extreme  urgency.  OAnrlooked  esopha¬ 
geal  perforations  were  attended  with  a  very  high  mortality.  Moreover,  the 
surgical  approach  was  different  from  that  employed  in  the  removal  of  intra¬ 
pleural,  intrapulmonary,  and  other  mediastinal  foreign  bodies.  Patients  were 
questioned  explicitly  concerning  any  symptoms  which  might  point  to  esophageal 
injuiy^,  particularly  dysphagia. 

It  was  difficult  to  diff’erentiate  some  intrapulmonary  missiles  from  missiles 
located  in  the  mediastinum,  but,  since  the  surgical  approach  was  the  same  in 
both  instances,  the  differentiation  was  academic  rather  than  x^ractical. 
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FiciUEE  141. — Localization  of  foreign  body  in  intrapleural  space.  A.  Posteroanterior 
roentgenogram  showing  object  in  either  intrapleural  or  liitra pulmonary  location.  B.  Lat¬ 
eral  roentgenogram,  which  also  does  not  dilferentiate  the  position.  At  operation,  the  object 
was  found  free  in  the  intrapleural  space.  In  this  case,  clotted  hemothorax  prevented  the 
use  of  diagnostic  imeumothorax. 


SURGICAL  TECHNIQUE 

The  fiindanieiilal  surgical  principle  of  adequate  exposure  m41S  particularly 
important  in  the  reinoval  of  foreign  bodies  from  tlie  lungs.  Skin  and  muscle 
incisions  had  to  be  wide  enough  to  permit  access  to  at  least  tAvo  interspaces  Aidien 
the  bony  thoracic  cage  Avas  exposed.  If  precise  localization  had  been  accom¬ 
plished  and  if  the  lung  Avas  adherent  to  the  chest  AA'all,  it  Avas  sometimes  possible 
to  remoA'e  the  oliject  AAnthout  entering  the  free  plenral  space. 

When  the  object  Avas  deeply  embedded  in  the  lung,  an  opening  into  the 
pleura  Avas  necessary  and  had  to  be  large  enough  to  permit  palpation  and  ade¬ 
quate  exposure. 

A  posterior  incision  aa4ts  usually  employed,  AAnthout  diATision  or  resection  of 
the  ribs.  A  short  incision  Axas  made  into  the  lung,  at  the  point  at  Avhich  localiza¬ 
tion  procedures,  confirmed  by  palpation,  had  indicated  that  the  foreign  body 
AA41S  nearest  the  surface.  When  operation  Avas  performed  soon  after  AAmunding 
(AAnthin  14  da^^s) ,  there  Avas,  as  a  rule,  little  or  no  reaction  about  it. 

Localization  Avas  sometimes  less  accurate  than  desirable  because  the  pres¬ 
ence  of  a  clotted  ]Dneumothorax  prevented  the  use  of  diagnostic  pneumothorax 
(fig.  141).  Hemothorax  or  hemothoracic  empyema  sometimes  complicated  the 
situation  at  operation  also.  Decortication,  in  some  cases,  had  to  be  carried  out 
before  a  search  for  the  object  Avas  undertaken,  as  it  AA^as  not  possible  to  palpate  a 
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ITgithe  142  (ease  14) —Intrapleural  foreign  body  associated  with  massive  empyema. 
A.  Posteroanterior  roentgenogram  showing  intrapleural  metallic  object  (arrow)  with  asso¬ 
ciated  clotted  hemothorax,  which  went  on  to  massive  heniothoracic  empyema.  B.  Same, 
10  days  after  removal  of  foreign  body  and  decortication  of  lung.  Recovery  \^'as  complete. 

fragment  tlirongli  the  inelastic  rind.  If  the  liemothorax  iiiATtlved  only  a  single 
lobe,  decortication  was  also  preferable  to  an  extended  and  difficult  search  for 
the  foreign  body.  Associated  abscesses  were  either  curetted  out  or,  if  the  lesion 
was  peripheral,  were  managed  by  wedge  resection. 

Closure  was  by  the  silk  technhpie  throughout.  The  lung  was  closed  in  two 
layers,  the  pleura  being  inverted  Avitli  the  second  layer.  Sutures  ivere  placed 
in  the  intercostal  muscles  and  tied  after  the  ribs  had  been  approximated.  Peri- 
costal  sutures  were  aA'oided. 

The  chest  Avas  ordinarily  drained  Avith  both  anterior  and  posterior  inter¬ 
costal  Avater-seal  tubes.  The  use  of  the  anterior  tube,  AAdiich  Avas  usually  re¬ 
moved  Avithin  48  hours,  insured  prompt  expansion  of  the  upper  lung.  The 
posterior  tube  Avas  kept  iu  place  for  3  or  4  days. 

In  the  early  experience,  penicillin  Avas  used  intraxoleurally,  but  this  prac¬ 
tice  Avas  subsequently  discarded,  and  the  antibiotic  Avas  used  systemically  before 
and  after  operation. 

The  folloAving  case  history  illustrates  the  successful  management  of  foreign 
bodies  associated  Avith  massiAx  empyema  : 

Case  14. — This  patient  was  struck  iu  the  right  chest  by  a  bomb  fragment  on  26  March 
sustaining  a  severe  penetrating  wound,  with  hemothorax.  A  metallic  foreign  body 
Avas  retained  in  the  affected  area. 

The  wound  was  debrided,  and  repeated  as])iration  was  employed.  This  procedure,  at 
first  effective,  later  ceased  to  be  useful,  and  the  patient  developed  fever  and  other  symptoms 
and  signs  of  sepsis.  Roentgenograms  reAx^aled  a  right  clotted  hemothorax  in  addition  to 
the  retained  foreign  bod.A’  (fig.  142A).  Material  aspirated  from  the  right  chest  became 
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proiiressively  more  imrulent  uiid  more  oRViisive  in  odor.  Cultures  grew  proteolytic 
Clostridia. 

Under  penicillin  protection,  a  thoracotomy  was  done  21  days  after  injury,  with  removal 
of  tlu'  fondgn  object  and  dec'ortication  of  the  lung. 

Recovery  was  prom])t  and  unevcaitful  (fig.  142R).  The  patient  was  discharged  to  full 
duty  on  5  June  1944,  about  10  weeks  after  injury. 


ANALYSIS  OF  CASES 

In  a  series  of  1.058  penetratino;  wounds  of  the  chest  observed  by  suro-eons 
of  the  2d  Auxiliary  Surgical  Group  in  the  Mediterranean  theater,  an  experi¬ 
ence  Avhich  may  be  assumed  to  be  typical,  there  were  201  retained  intrathoracic 
foreign  bodies,  exclusive  of  foreign  bodies  in  the  heart  and  pericardium.  Of 
these,  30  were  intrapleural  and  252  intrapulmonary  and  mediastinal.  Since 
the  great  majority  of  these  patients  were  under  observation  in  thoracic  surgery 
centers  for  periods  ranging  from  a  week  to  2  months  after  injury,  this  series 
olTered  an  excellent  opportunity  to  determine  what  happens  to  retained  intra¬ 
thoracic  missiles  within  this  period  after  wounding. 

Preoperative  Complications 

The  following  complications,  which  deA'eloped  during  the  periods  of  ob¬ 
servation,  represent  the  ill  effects  of  retained  foreign  bodies : 

In  the  252  intrapulmonary  and  mediastinal  foreign  bodies,  there  were  4  de¬ 
layed  or  recurrent  hemoptyses:  2  secondary  intrapleural  hemorrhages  from  the 
lung;  18  late  or  recurrent  bronchopleural  fistulas;  4  lung  abscesses;  2  mediasti¬ 
nal  abscesses  associated  with  the  retained  objects;  and  30  empyemas. 

In  the  39  intrapleural  foreign  bodies,  there  were  15  empj^emas. 

The  total  complications  in  these  291  cases  Avere  thus  15  in  number,  25.8 
percent;  60  Avere  associated  Avith  the  252  intrapulmonary  and  mediastinal  ob¬ 
jects  and  15  Avith  the  39  intrapleural  objects. 

There  Avas  no  correlation  in  this  study  betAveen  the  incidence  of  complica¬ 
tions  and  the  size  and  configuration  of  the  missiles.  There  Avas  also  no  correla¬ 
tion  as  to  location  except  in  one  regard,  that  missiles  located  in  the  periphery 
of  the  lung  gaa^e  rise  to  a  higher  incidence  of  complications  than  those  in  the 
hilus.  This  observation  Avas  at  variance  Avith  the  popular  concej^t  that  a  missile 
lying  in  close  proximity  to  vascular  or  bronchial  structures  in  the  hilus  Avas 
more  likely  to  give  rise  to  complications  than  a  missile  in  the  periphery.  The 
explanation  may  be  that  missiles  that  lodged  at  or  near  the  hilus  Avere  missiles 
that  had  lost  their  momentum.  Those  that  tore  through  it  usually  lacerated 
the  major  divisions  of  the  pulmonary  artery  or  A^ein,  Avith  rapid  death  by 
exsanguination.  Surgeons  Avho  Avorked  in  field  hospitals  almost  never  saAv  a 
casualty  Avith  damage  to  a  major  pulmonaiT  vessel.  These  casualties  did  not 
liA'e  long  enough  to  be  hospitalized. 
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These  figures  are  significant  in  view  of  the  numerous  discussions  concern¬ 
ing  the  relative  incidence  of  empyema  in  intrapleural  versus  intrapulmonarj^ 
retained  foreign  bodies.  In  the  39  intrapleural  cases,  empyema  occurred  15 
times,  an  incidence  of  38.5  percent.  In  the  intrapulmonary  group  of  252 
objects  it  occurred  30  times,  an  incidence  of  11.9  percent,  which  is  strikingly 
close  to  the  overall  incidence  of  empyema  in  chest  wounds  in  the  Mediterranean 
theater.  This  observation  corroborated  the  opinion  generally  held  by  thoracic 
surgeons  that  intrapleural  foreign  bodies  Avere  far  more  likely  to  giAn  rise  to 
trouble  than  intrapulmonary  missiles. 

The  majority  of  the  complications,  almost  75  percent,  developed  during  the 
second  and  third  Aveeks  after  injury.  Aside  from  the  empyemas,  the  earliest 
complication  observed  Avas  a  lung  abscess  AAdiich  aj^peared  a  Aveek  after  injury. 
Only  4  complications,  none  in  the  intrapleural  group,  developed  earlier  than 
10  days  after  Avounding.  The  earliest  complications  Avere  usually  hemorrhage, 
atelectasis,  pneumonitis,  and  pulmonary  embolus.  Lung  abscess  Avas  extremely 
uncommon  (at  all  times),  though  in  this  series  it  Avas  the  first  complication 
to  be  observed,  7  day^s  after  Avounding. 

Results  of  Surgery 

Surgery  Avas  carried  out  in  102  of  these  291  retained  foreign  bodies,  in  15 
instances  for  intrapleural  objects  and  in  87  for  objects  in  the  intrapulmonary  or 
mediastinal  tissues  (fig.  143).  In  fiA^e  instances,  the  object  Avas  not  remoA^ed, 
for  A^arious  reasons,  and  in  four  instances,  it  Avas  not  found  at  the  site  expected 
from  the  preoperatiA^e  localization. 

There  AA'ere  no  deaths  in  the  102  operations  and  no  instances  of  permanent 
disability  or  deformity.  The  13  postoperatiA^e  complications  AATre  distributed 
as  folloAvs:  3  Avound  infections;  4  empyemas  (3  small,  resulting  from  subjacent 
extension  of  the  Avound  infection  to  the  pleural  caAdty  and  1  basal,  unrelated 
to  wound  infection)  ;  1  clotted  hemothorax;  1  atelectasis;  1  secondary  hemor¬ 
rhage;  2  bronchopleural  fistulas;  and  1  thrombophlebitis.  Xone  of  these  com¬ 
plications  resulted  in  prolonged  disability. 

About  half  of  the  retained  objects,  as  preAUOUsly  mentioned,  Avere  found 
Avith  associated  cloth  fragments  at  the  site  of  lodgment,  but,  except  in  the  four 
lung  abscesses,  no  positiA^e  cultures  Avere  obtained  from  the  missile  cavities. 


Conclusions 

Althougli  the  series  is  small,  these  figures  are  important,  since  they  over¬ 
turn  many  misconceptions  as  to  the  innocuousness  of  retained  in tra thoracic 
missiles.  An  incidence  of  15  percent  of  significant  complications  Avithin  the 
first  60  days  after  AA^ounding  points  to  the  fact  that  the  retained  missile  is,  on 
the  contrary,  a  real  source  of  danger  to  the  host  and  must  be  considered  seriously 
in  the  reparative  management  of  eA^ery  case.  On  the  other  hand,  the  fact  that 
so  feAV  complications  developed  earlier  than  10  days  after  Avounding  justified 
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Figuhe  1-io.^ — Siieciiiiens  of  iiiotnllic  foreign  bodies  removed 
from  lungs  and  pleural  cavity. 

the  policy  of  tvaitino*  until  the  patient  had  arrived  in  a  fixed  hospital  to  remove 
the  missile. 

This  comparison  definitely  favors  the  remot'al  of  retained  foreign  bodies, 
though  not  statistically.  The  incidence  of  postoperati\'e  complications,  when 
surgery  was  done  at  the  thoracic  surgery  center  in  this  series  Avas  approximately 
13.4  percent,  while  the  incidence  of  complications  encountered  Avheii  the  foreign 
bodies  AA^ere  not  remoA^ed  Avas  15  percent.  Statistically,  this  is  a  totally  insig¬ 
nificant  difference,  almost  an  argument,  in  fact,  for  leaving  these  objects  in  situ. 
Clinically,  hoAveA’er,  the  balance  is  all  in  faA^or  of  their  reinoAail  at  the  proper 
time  and  on  the  pi“oper  indications.  The  complications  of  retained  foreign 
bodies  are  all  debilitating,  and  many  of  them  are  potentially  fatal.  The  prop¬ 
erly  staged  removal  of  these  objects,  hoAvever,  is  attended  Avith  a  minimal 
mortality — there  AYere  no  deaths  in  this  series — and  Avith  a  loA^'  morbidity. 

^luch  remains  to  be  learned  concerning  the  question  of  retained  foreign 
bodies  in  penetrating  thoracic  Avounds.  This  analysis  of  a  small  series  of  cases 
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is  not  conclusive,  and  final  statistics  are  not  yet  available.  The  analysis,  how¬ 
ever,  does  show  the  fallacy  of  the  opinion  that  it  can  be  confidently  anticipated 
that  such  objects  will  do  no  harm,  and  it  also  vindicates  the  ^Mediterranean 
theater  policy  of  removing  all  objects  larger  than  1.5  cm.  in  their  greatest  di¬ 
ameter,  preferably  within  the  first  14  days  after  injury,  after  the  patient  has 
been  evacuated  to  the  base. 

Final  appraisal  must  await  long-term  followup  studies  on  both  the  group 
in  which  the  object  was  retained  and  the  group  in  which  it  was  remo\ed.^ 

sTlie  reader  is  referred  to  chapter  XI  (p.  441)  for  long-term  followup  studies  on  casualties  with 
retained  foreign  bodies  in  the  chest. 


CHAPTER  VIII 


Management  of  Retained  Foreign  Bodies  in  the 
Heart  and  Great  Vessels,  European 
Theater  of  Operations 


Divight  E,  Harken,  M.D, 

ANATOMIC  LOCATION  OF  MISSILES 

Over  a  10-montli  period  in  World  War  II,  thoracic  surgeons  v  orking  in 
the  thoracic  surgery  center  set  up  in  the  ICOth  General  Hospital,  15th  Llospital 
Center,  Cirencester,  Gloucestershire,  European  Theater  of  Operations,  U.S. 
Army,  performed  134  operations  for  the  removal  of  missiles  retained  in  and 
about  tlie  heart  and  great  vessls.  There  were  no  deaths  in  the  series,  and  all 
patients  were  discharged  with  normally  functioning  hearts. 

The  experience  of  World  War  II  confirmed  the  difficulty,  commented  upon 
elsewhere,  of  accurate  localization  of  metallic  foreign  bodies  in  relation  to 
wounds  of  the  heart.  In  about  half  of  the  patients  referred  to  the  chest  service 
at  the  160th  General  ITospital  as  harboring  foreign  bodies  within  the  heart, 
the  objects  were  found,  after  careful  fluoroscopic  examination,  to  be  extra¬ 
cardiac.  Furthermore,  early  in  the  experience  on  this  service,  it  was  found 
at  operation  that  about  a  third  of  the  fragments  thought  to  be  intracardiac  were 
extracardiac.  Even  on  exploration,  it  was  not  ahvays  eas}'  to  determine 
whether  an  object  lay  within  the  pericardium  or  Avithin  the  auricle;  this  Avas 
particularly  true  if  an  infected  hematoma  was  present. 

The  location  of  the  134  foreign  bodies  in  this  series,  as  proA^ed  Iw  operation, 
Avas  as  folloAA^s  (hg.  144)  : 

Of  the  56  foreign  bodies  in  and  about  the  heart,  13  AA^ere  intracardiac,  26 
Avere  entirely  Avithin  the  pericardium,  and  IT  jiartly  Avithin  the  pericardium 
but  chiefly  Avithin  the  lung.  Of  the  13  foreign  bodies  removed  from  the 
chambers  of  the  heart  (hg.  145),  T  AA^ere  in  the  right  A^entricle,  4  in  the  right 
auricle,  1  in  the  left  a- entricle,  and  1  in  the  left  auricle. 

The  great  vessels  Avere  invoNed,  directly  or  indirectly,  in  78  cases.  In 
seven  instances,  the  missiles  Avere  intra Avascular ;  the  three  of  these  AAliich  became 
embolic  are  discussed  in  detail  elseAvhei-e  (p.  380).  In  35  instances,  the  frag¬ 
ments  lay  on  the  great  A^essels  or  Avithin  the  Auiscular  Avails.  In  IT  cases,  they 
Avere  directly  adjacent  to  the  A^essels  but  Avere  chiefly  Avitliin  the  lung.  In  19 
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Figuee  144. — Gross  location  of  foreign  bodies  removed  from 
cardiac  and  vascular  structures  at  IGOtli  General  Hospital. 
Stippled :  missiles  impinging  on  structures.  Black :  intra- 
structural  missiles.  Grossbatching :  embolic  missiles. 


instances,  tliey  were  within  the  mediastinum  but  were  not  in  direct  proximity 
to  the  great  vessels. 

The  fact  that  no  missiles  were  encountered  within  the  lumen  of  the  thoracic 
aorta  and  that  in  only  one  instance  was  a  missile  found  in  the  left  ventricle 
seems  to  warrant  the  assumption  tliat  the  direct  entrance  of  foreign  bodies 
of  any  considerable  size  into  either  of  these  areas  Avas  seldom  compatible  Avith 
surviA^al.  The  anatomic  distribution  of  these  missiles  suggests  further  that 
fragments  small  enough  to  enter  the  left  A^entricle  as  migratory  foreign  bodies 
Avere  probably  swept  out  of  it  by  the  high  systemic  j)ressure,  in  contrast  to 
those  Avhich  entered  the  right  A^entricle,  Avhere  physiologic  circumstances  Avere 
more  favorable  for  their  lodgment. 

Over  the  same  lO-month  period  during  Avliich  these  134  successful  opera¬ 
tions  were  performed,  4  unsuccessful  operations  Avere  undertaken  for  the 
remoA^al  of  foreign  bodies  in  and  near  the  heart.  In  tAvo  instances,  the  missiles 
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Figure  145.— Missiles  removed  from  chambers  of  heart,  with 
their  location. 


could  not  be  recovered  at  cardiotomy,  and  in  the  other  two  instances,  explora¬ 
tory  pericardiotomy  revealed  that  their  removal  would  have  been  attended 
with  unjustifiable  risks. 

In  15  other  patients  in  whom  foreign  bodies  in  or  about  the  heart  were 
encountered,  operation  was  not  undertaken,  for  one  reason  or  another,  and  the 
objects  were  permitted  to  remain  in  situ. 

FOREIGN  BODIES  IN  AND  ABOUT  THE  HEART 
Indications  for  Surgery 

The  diagnostic  confusion,  already  mentioned,  of  determining  whether  a 
retained  missile  was  or  was  not  within  the  heart  added  to  the  difficulties  of 
assessino;  the  risk  to  life  and  health  of  retained  intracardiac  missiles.  In  spite 
of  numerous  isolated  reports  of  foreign  bodies  which  have  lodged  in  the  heart 
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and  remained  asymptomatic,  there  is  also  considerable  evidence  in  the  medical 
literature  that  these  objects  may  be  lethal.  Experimental  evidence,  further¬ 
more,  suggests  that  their  presence  may  give  rise  to  bacterial  endocarditis. 

As  the  ■\var  progressed,  therefore,  a  working  policy  for  the  management 
of  intracardiac  missiles  was  formulated  from  the  medical  literature,  from  a 
limited  amount  of  experimental  work  previously  done  on  animals,  and  from 
the  individual  surgeons'  own  concepts  and  their  accumulating  experience.  Al¬ 
though  the  policy  was  originally  based  upon  somewhat  uncertain  premises, 
it  was  substantiated  by  the  clinical  evidence  secured  in  the  various  chest  centers 
in  the  European  theater  during  the  course  of  the  Avar. 

The  indications  for  the  remoAnxl  of  foreign  bodies  in  and  about  the  heart 
Avere  chiefly  based  on  possible  risks,  Avhich  included  embolism,  bacterial  endo¬ 
carditis,  recurrent  pericardial  effusions,  and  myocardial  damage.  The  develop¬ 
ment  of  symptoms  and  the  existence  of  cardiac  neurosis  also  served  as 
indications. 

The  risk  of  embolism. — The  deA^elopment  of  embolism  from  a  foreign 
body  or  from  the  thrombus  associated  Avith  it  Avas  not  merely  a  theoretical 
possibility.  Several  such  accidents  had  been  recorded  in  the  preAvar  literature, 
and  at  least  tAA'o  are  knoAvn  to  liaA^e  occurred  in  the  European  theater  during 
World  War  II.  One  of  these  cases  is  included  in  the  series  analyzed  in  this 
chapter.  The  missile  lay  in  the  interauricular  septum  and  right  auricle 
and  Avas  removed  from  the  auricle;  the  thrombus  Avas  found  in  the  left  auricle. 
Hemiplegia  occurred  in  this  case  soon  after  Avounding.  In  the  second  case, 
reported  by  Lt.  Col.  Arthur  D.  Nichol,  MC,  the  embolism  arose  from  a  missile 
in  the  left  A^entricle.  It  is  significant  that  the  hemiplegia  Avliich  folloAved  it 
appeared  more  than  2  Aveeks  after  AAmunding. 

The  risk  of  infection.— The  remoA^al  of  retained  intracardiac  objects  be¬ 
cause  of  risk  of  the  de\'elopment  of  bacterial  endocarditis  Avas,  as  already 
intimated,  partly  based  on  the  results  of  experimental  Avork  on  dogs.  The 
implantation  of  foreign  bodies  in  Auxrious  locations  in  the  heart  Avas  folloAved 
by  the  development  of  bacterial  endocarditis  characterized  by  typical  bacterial 
A’alAuditis  and  of  septic  embolic  infarcts.  The  experimental  evidence  Avas 
limited,  but  it  Avas  naturally  feared  that  foreign  bodies  retained  in  the  human 
heart  might  gwe  rise  to  the  same  consequences. 

Clinical  support  for  this  hypothesis  Avas  confined  in  this  series  to  a  single 
case:  The  patient  ran  a  course  suggestive  of  subacute  bacterial  endocarditis, 
Avith  spiking  fever,  tachycardia,  and  one  acute  episode  of  pain  in  the  right 
upper  quadrant  associated  with  jaundice.  Eesponse  to  surgical  remoAUil  of 
the  missile  and  the  attached  thrombus  from  the  right  auricle  Avas  immediate 
and  dramatic.  Although  the  patient  Avas  almost  moribund  Avlien  operation 
Avas  undertaken,  his  recovery  Avas  prompt  and  uncomplicated. 
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The  bacteriologic  support  for  the  indication  of  infection  in  this  series 
of  cases  is  somewliat  more  conclusive.  No  cultural  studies  were  made  in  4  of 
the  13  intracardiac  foreign  bodies.  There  was  growth  of  bacteria  on  cultures 
made  from  only  one  of  the  five  fragments  removed  from  Avithin  the  right 
ventricle;  this  particular  foreign  body  lay  in  an  abscess  within  a  mural 
thrombus  in  tlie  ventricular  chamber.  Cultures  were  also  positive  for  patho¬ 
genic  organisms  in  three  of  the  four  cases  in  which  foreign  bodies  were  removed 
from  within  the  auricle.  One  of  these  missiles  was  found  in  a  small  abscess 
in  the  center  of  a  mural  thrombus  in  the  right  auricle. 

It  cannot  be  said  positively  tliat  tlie  infected  niduses  in  these  cases 
represented  true  bacterial  endocarditis,  nor  can  it  be  said  that  the  infections 
present  Avould  eventually  have  produced  it.  Nonetheless,  the  findings  seemed 
to  furnish  further  support  for  the  removal  of  intracardiac  missiles  because  of 
tlie  possible  development  of  infection. 

The  risk  of  recurrent  pericardial  effusions. — The  risk  of  recurrent  peri¬ 
cardial  effusion  as  an  indication  for  the  removal  of  intracardiac  foreign  bodies 
has  been  repeatedly  stressed  in  the  medical  literature  and  is  Avell  established. 
On  the  other  hand,  in  the  only  tAvo  instances  of  pericardial  effusion  observed 
at  the  IGOth  General  Hospital,  the  symptoms  aatit  not  seA^ere  enough,  and  the 
fragments  Avere  not  large  enough,  to  justify  surgical  intervention. 

The  risk  of  myocardial  damage, — Myocardial  damage  Avas  clearly  evi¬ 
dent  in  three  cases  in  this  series.  The  damage  to  the  right  ventricular  Avail 
overlying  the  site  of  a  migratory  missile  noted  in  the  folloAving  case  seems  of 
special  significance  in  seATral  respects.  In  particular,  it  demonstrates  that 
the  mere  presence  of  a  foreign  body  in  a  cardiac  chamber  can  produce  consider¬ 
able  damage  to  the  overlying  myocardium  in  a  period  of  3  months,  and  it  also 
indicates  that  surgical  removal  of  the  object  does  not.  of  itself,  cause  myocardial 
injury  of  any  consequence  : 

Case  1. — A  29-.year-oki  infantry  sergeant  was  injured  in  the  right  lower  posterior 
chest  on  21  July  1944,  in  the  lighting  about  Saint-L6.  Fluoroscopic  and  roentgenologic 
examination  (tig.  146)  showed  a  metallic  foreign  body  lying  in  the  anterior  portion  of 
the  right  ventricle,  just  to  the  left  of  the  midline,  and  pulsating  with  the  heart.  An 
electrocardiogram  4  days  later  (lig.  147)  showed  no  abnormalities  except  for  inverted 
T-waves  in  the  right-sided  precordial  leads  (CFi,  CFs.  and  CF;}).  By  8  xVugust,  the  T-waves 
in  CF;!  had  become  upright,  and  the  tracing  appeared  entirely  normal. 

First  operation. — Operation  was  performed  on  15  August  in  the  dorsal  decubitus 
position  (lig.  148).  When  the  missile  was  grasped  through  an  incision  in  the  right  ven¬ 
tricle,  it  was  jerked  from  the  grasi)  of  the  forceps  by  the  movements  of  the  myocardium 
and  was  lost  to  both  sight  and  palpation  in  the  bloodstream. 

Roentgenograms  taken  immediately  after  the  operation  (fig.  149)  showed  the  missile 
lying  in  the  right  auricle,  over  the  opening  of  the  inferior  vena  cava.  Another  electro¬ 
cardiogram  on  17  August  (fig.  150)  showed  elevated  ST  segments  in  leads  I  and  II.  which 
fell  by  1  September.  Later,  the  T-waves  also  became  sharply  inverted  in  leads  I  and  II 
and  in  the  left-sided  precordinl  leads  CF4  to  CFo,  It  was  speculated  that  while  this  damage 
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Fun  uK  14S  ((‘ns('  I). — Posit ioiiiiiir  of  patient  at  snoo(‘ssive  oar<liot<»iHi(.'s.  A.  Dorsal 
(l(‘0Tii)itns  (seen  from  above).  P>.  Dati'ral  deenlalns  (  ri^'ht  side  up).  C.  Itevin'se  Treii- 
d('lenbur,i*'  ijosition  witb  elevation  of  ri.ubt  side. 


nii.u'lit  bt‘  r(‘lat('d  to  the  surgical  incision  niadi'  in  tlu‘  rigid  vi'ntri(‘](“  near  the  st'ptuni.  in 
tln^  anterior  surfaca*  of  the  lu'art.  it  uught  also  resnlt  from  an  associated  pericarditis. 

SccoikJ  <>i)<‘rafi()ii.- — At  a  scH'ond  cardiotomy  on  KJ  Xoveinber,  •*>  montlis  a.fter  the  first, 
with  th(‘  jiatit'nt  in  latmml  decubitus  (tig.  14S).  the  missile  was  visualized  and  palpated  in 
tlu‘  right  aurich'.  just  above  tlu^  ('utranci'  of  tlu‘  iid'erior  cava.  Again  it  ('scaptal.  this  tinu^ 
falling  back  int(»  the  right  ventricle  (tig.  1.41 ).  Incidentally,  a  signiticaut  diagnostic  point 
is  demonstrataal  by  tln^  roentgamogi-ams  taktm  aftcn*  operation:  They  were  not  made  in  the 
t  riu'  lat(‘ral  irosiiion.  and  the  impri‘ssi(jn  was  that  the  missile  was  in  tlu'  chest  wall.  Had 
thes(‘  Ixam  tln^  lirst  rotmtgcmugrams  taktm.  considerable  diagnostic  confusion  might  have 
btam  canstal. 

Electro(‘ardiograi)hic  examination  (tig.  1.42)  showed  no  siiecilic  acute  change  after  the 
second  cardiotomy.  Tluua'  was  merely  a  progressive  return  toward  normal  of  the  T-waves 
and  of  hauls  1  and  II  and  DIA  and  (TA. 

Third  ojivrafiou. — On  lb  lAdiruary  lb44.  at  the  patient's  own  re(pu‘st.  a  third  cardio- 
toniy  was  performed.  The  antmaor  approach  was  used,  as  in  the  lirst  operation,  but  this 
time  the  patient  was  placed  in  the  reverse  Trendehmbnrg  position  (tig.  148).  The  scar 


FjorKE  14b  (case  1). — Roentgamograins  shoAving  position  of  fragment 
in  right  auricle  after  first  (unsuccc'ssful)  operation.  A.  Posteroantmlor 
view.  15.  Lateral  view. 
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Figure  IgI  (case  1). — Roentgoiiograiiis  .showing  ti-agiiKaif  again  in  ngm 
venlriclo  after  .second  (inrsiiccessful)  cardiotoiny.  A.  Posteroanterior  view 
IF  Lateral  view. 
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of  the  tirst  incision  in  the  right  ventricle,  made  0  months  earlier,  was  found  solidly  liealed. 
This  was  demonstrated  visually  (plate  1)  as  well  as  clinically  by  the  colori'd  motion  pic¬ 
tures  taken  at  the  operation.  The  considerable  fibrous  pericarditis  that  had  developed 
did  not  limit  cardiac  motion  or  obstruct  the  blood  how.  Xear  the  apex  of  tlu^  right  ven¬ 
tricle,  however,  the  muscle  wall  was  thin,  flabby,  and  discolored  (plate  II).  The  missile 
was  iialpable  in  the  right  ventricular  cavity,  just  under  the  area  of  myocardial  damage, 
which  presumably  had  been  produced  by  the  friction  of  the  muscle  wall  over  tlu'  fragment 
during  the  8  months  after  the  second  operation. 

The  heart  was  opened  through  the  area  of  damage  and  the  shell  fragim'iit  (fig. 
was  grasped  by  forceps  and  was  removed  with  only  moderate  difliculty  (iflate  III).  In- 
tracardial  manipulations  were  carried  out  in  three  episodes,  over  a  period  of  about  3 
minutes.  Showers  of  extra.systoles  were  noted  during  the  removal  of  the  missile  (fig.  loS). 

In  spite  of  the  successive  migrations  of  this  foreign  body  (fig.  lol).  this  patient  suf¬ 
fered  no  signilicant  cardiac  damage  (fig.  loo)  and  was  in  (‘xcellent  condition  (fig.  l-lfl) 
when  he  was  discharged  to  the  Zone  of  Interior. 


FioinU']  l.')2  (case  1 ). — Electrocardiogram  taken  after  second  (  un 
successful)  cardiotoiny.  figure  147  for  key. 


ri.A'j'E  I  (case  1)  — ApiH'ai’aiu-c' 

of  liojirt'  at  insjniit  of  iiK'isioii  into  ri.ulit 
V(‘iil  ((MMiipari'  li,u'nrt‘  l-HtA  ). 

IM.atk  II  (case  o)  (loft,  bothnii )  — 
T('chiiiqu(‘  of  (lisloc;iti(ni  of  lu'art  from 
perioardiji I  smc. 

la.ATE  III  (case  o)  (ri.iiht.  bottom). — 
AlarkiMl  vimtricular  dilatation  followiiiii' 
disbtcation  of  lUMirt.  This  photoii'rapli.  like 
plate  II,  was  taken  diiriiii*'  the  opi'ration, 
Tli(*s(‘  plates  shonld  be  compared  witli  tlu' 
electrocardio.ii-rapbi<‘  tracings  laktm  during- 


Ficirii]:  ir»r»  (cai=^o  1).— EleetrocardiojiTJuiis  taken  after  third 
and  siua-essfnl  cardiotemy  with  removal  of  fragment  from  right 
V(‘ntricle.  See  tigiire  147  for  key. 


Figure  15G  (case  1).— Patient  just  before  evacuation  to  Zone  of  In¬ 
terior.  after  three  cardiotomie.s  for  removal  of  retained  intracardiac 
missile. 
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Fkujke  I-jT  (case  2). — Electroeardiograiiis  taken  before  cardio- 
toiiiy  showing  left  ventrienlar  damage  from  retained  missile  in  left 
ventricle.  See  figure  147  for  key. 


Case  2. — Another  instance  of  myocardial  damage  occurred  in  the  only  case  in  the  series 
in  which  the  foreigii  body  was  in  the  left  ventricle.  Roentgenokyniographic  studies  showed 
diminished  amplitude  of  pulsation  at  the  apex  and  passive  left  ventricular  dilatation 
during  systole,  suggestive  of  an  early  ventricular  aneurysm  or  hernia.  Electrocardio¬ 
graphic  studies  (fig.  157)  showed  a  persistent  pattern  characteristic  of  extensive  damage 
to  the  anterior  left  ventricular  wall,  consisting  of  low  voltage,  deep  Qi,  absent  Ri  and 
inverted  Ti,  together  with  inverted  and  W-shaped  QRS  complexes  and  sharply  inverted 
and  coved  T-waves  in  the  left-sided  precordial  leads. 

At  operation,  the  foreign  body  was  found  in  the  left  ventricle,  as  the  roentgenograms 
(fig.  158)  had  shown,  in  a  cystic  zone  of  myocardial  damage  1.5  cm.  in  diameter.  It  was 
ballotable  in  the  defect  in  the  cardiac  wall,  and  parodoxical  xmlsation  of  this  area  of  the 
ventricle  was  noted.  A  mural  thrombus,  which  was  not  disturbed,  permitted  removal 
of  the  missile  without  hemorrhage.  The  myocardial  defect,  after  closure,  was  covered  over 
with  two  superimposed  pericardial  grafts. 

In  this  ease,  electrocardiographic  tracings  taken  at  frequent  intervals  during  the  oper¬ 
ation  showed  no  evidence  of  cardiac  irritability  at  any  time  except  for  a  few  ventricular 
extrasystoles  during  the  process  of  endotracheal  intubation.  It  was  believed  that  removal 
of  the  missile  and  repair  of  the  myocardial  defect  prevented  progression  of  the  myocardial 
damage  and  averted  possible  rupture  of  the  heart.  Direct  inspection  at  operation  left  no 
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FigtjKe  158  (case  2). — Preoperative  roentgenograms  showing  retained  missile  in  left 
ventricle.  A.  Posteroanterior  roentgenogram.  B.  Lateral  roentgenogram. 


doubt  that  the  risk  of  rupture  of  the  myocardial  hernia  was  real  and  that  it  was  aggravated 
by  the  presence  of  the  foreign  body  in  it. 

Case  3. — third  instance  of  damage  to  cardiac  structures  by  a  retained  foreign  body 
was  observed  by  Maj.  Fred  J.  Jarvis,  IMG.  In  this  instance,  the  wall  of  the  right  ventricle 
underwent  such  a  degree  of  degeneration  from  the  presence  of  the  underlying  migratory 
missile  that  death  ensued. 

Other  indications  for  surgery. — Tyyo  additional  factors  sometimes  as¬ 
sumed  importance  in  the  decision  to  remove  intracardiac  foreign  bodies.  One 
was  pain,  the  otlier  cardiac  neurosis. 

Pain  was  associated  with  some  of  the  pericardial  foreign  bodies  in  this 
series,  but  with  only  one  of  the  intracardiac  missiles.  In  this  case,  the  object 
had  migrated  from  the  auricle  to  the  ventricle.  A  similar  case  was  observed 
by  Lt.  Col.  (later  Col.)  Laurence  Miscall,  MC. 

Cardiac  neurosis  sometimes  became  a  pressing  indication  for  surgery.  In 
spite  of  every  effort  to  reassure  them,  all  the  patients  in  this  series  with  for¬ 
eign  bodies  in  or  near  their  hearts  wanted  them  removed.  Their  apprehen¬ 
sions  bore  out  Grey  Turner’s  (i)  remark,  “In  addition  to  the  characteristic 
cardiac  symptoms  there  may  be  neurotic  manifestations  which  mainly 

depend  on  the  attitude  of  the  patient  to  the  knoAvledge  that  he  harbors  a  for¬ 
eign  body  in  one  of  the  citadels  of  his  well-being.” 

Size  and  location  Avere  other  factors  Avhicli  inffuenced  the  decision  for  and 
against  surgical  intervention.  Small  foreign  bodies  left  in  situ  Avere  regarded 
as  less  hazardous  than  larger  ones,  and  it  Avas  also  thought  that  they  Avere  as¬ 
sociated  Avith  less  risk  of  myocardial  damage.  An  additional  reason  for  leav¬ 
ing  them  undisturbed  Avas  that  they  became  encapsulated  more  readily  and 
more  firmly  than  larger  missiles  and  AA^ere  therefore  technically  more  difficult 
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Figuke  159  (case  4), — Preoperatlve  roontgenog-rams  showing  retained 
fragment  in  left  anricle.  Radiopaque  oil  is  seen  in  empyema  pocket. 
A.  Posteroanterior  view.  B.  Lateral  view. 


to  remove.  For  these  reasons,  small,  silent  foreign  bodies  in  and  near  the 
heart  -were  allowed  to  remain  in  situ  in  15  cases  at  the  160th  General  Hospital 
during  the  period  in  which  13  similar  fragments  were  removed  surgically. 

Combined  indications.— As  might  have  been  expected,  more  than  one  in¬ 
dication  for  surgery  was  sometimes  present,  as  the  following  case  history 
demonstrates : 

Case  4. — This  soldier,  following  injury  by  a  shell  fragment  in  the  left  anterior  aspect 
of  the  chest,  developed  an  empyema,  from  which  both  hemolytic  Staphylococcns  aureus  and 
Clostridium.  tvclchU  were  cultured.  He  had  been  treated  by  decortication  followed  by  open 
drainage  at  the  160th  General  Hospital.  In  the  6  months  after  injury,  he  had  three  massive 
episodes  of  bleeding  and  two  minor  episodes.  He  also  had  bouts  of  pyrexia  to  103  F., 
which  did  not  appear  to  he  connected  with  his  empyema.  Posteroanterior  and  lateral 
roentgenograms  (fig.  159)  revealed  a  shell  fragment  in  the  left  auricle.  Electrocardio¬ 
graphic  studies  before  operation  (fig.  160)  showed  right  axis  deviation  with  low  Ri  and 
deep  Si.  low  diphasic  Ti,  and  upright,  pointed  T-  and  T:j.  The  precordial  leads  were  nor¬ 
mal.  The  abnormalities  suggested  damage  to  the  anterior  wall  of  the  myocardium  but  were 
not  helpful  in  localizing  the  missile. 

\t  operation  (fig.  161)  on  18  Uay  1945,  the  empyema  was  found  to  communicate  with 
a  laceration  in  the  pericardium  and  the  underlying  left  anricle ;  the  auricle  was  adherent 
to  the  pericardium.  A  laceration  in  the  auricle  was  plugged  by  a  large,  infected,  intra¬ 
cardiac  hematoma.  The  missile,  which  was  2  by  1  by  1  cm.  and  was  surrounded  by  cloth, 
lay  in  this  clot  It  was  readily  removed  from  the  left  auricle,  together  with  the  cloth 
and  the  infected  clot.  CL  wcleliii  and  Escherichia  coli  were  grown  on  direct  culture  from 

the  material  removed.  . 

After  operation,  the  empyema  rapidly  resolved  and  there  were  no  further  episodes  of 
liemorrliage  or  pyrexia.  Serial  electrocardiograms  (fig.  162)  showed  deep  and  sharp  inver¬ 
sion  of  Ti  and  inverted  T  in  CFa  but  no  other  sigiiiricaiit  cliange. 

This  case  appears  to  embrace  most  of  the  indications  for  removal  of  an  intracardiac 
foreign  body  (including  an  extensive  thrombus),  a  potential  embolus,  gross  intracardiac 
contamination  and  infection,  pericardial  Involvement,  and  dama,ge  to  the  myocardium  with 
repeated  hemorrhages . 
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Figure  163.— Incisions  used  to  obtain  exposure  of  foreign  bodies  in  heart.  A.  An¬ 
terior  aspect,  shOAving:  Approach  to  superior  vena  cava  and  right  auricle  (a),  and  ap¬ 
proach  to  anterior  and  lateral  aspects  of  right  and  left  ventricle  (b).  B.  Posterior 
aspect,  showing:  Approach  to  posterior  aspect  of  left  ventricle  (a),  and  approach  to 
posterior  aspect  of  right  and  left  auricles  (b) . 

3,  Maintenance  of  a  moist  epicarclium  during  the  period  of  cardiac  ex¬ 
posure.  It  was  thought  that  the  1  percent  procaine  hydrochloride  solution 
used  to  keep  the  epicardial  tissues  moist  might  also  have  the  additional  advan¬ 
tage  of  reducing  cardiac  irritability. 

4.  Minimal  dislocation  of  the  heart  from  the  position  of  optimal  function. 
To  perform  cardiac  surgery  with  minimal  cardiac  dislocation  often  taxed  the 
ingenuity  of  the  surgeon,  but  it  was  essential  for  a  successful  result. 

Surgical  Technique 

Botli  the  ap2:)roach  and  the  procedure  for  the  removal  of  foreign  bodies 
in  and  about  the  heart  depended  upon  their  location.  The  various  approaches 
described  were  all  used  successfully  in  one  or  more  cases  in  this  series.  An¬ 
other  extracardiac  approach  to  the  heart,  by  way  of  the  pulmonary  veins  to  the 
left  auricle  or  e^mi  the  left  ventricle,  was  tentatively  discussed,  but  no  occasion 
to  use  it  arose. 

Right  ventricle. — When  the  object  was  in  the  right  ventricle  (fig.  164), 
the  best  approach  was  through  the  fifth  or  the  fourth  intercostal  space  (fig. 
165),  which  exposed  the  left  portion  of  the  right  ventricle  and  the  left  border 
of  the  left  ventricle.  The  pectoralis  major  was  sj)!!!  laterally  and  divided 
medially.  The  intercostal  muscles  were  divided,  and  the  internal  mammary 
vessels  were  ligated.  The  cartilage  superior  to  the  incision  was  divided  near 
the  sternum,  after  which  the  rib-spreader  was  inserted.  If  additional  exposure 
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Figtike  1G4. — ^Roeiitgeiiogmins  showing*  foreign  body  in  ohainbor  of  right 
ventricle.  Before  these  films  were  made,  the  right  heniithorax  had  been 
cleared  of  an  infected  hemothorax.  A.  Posteroanterior  view.  B.  Lateral 
view. 


Figure  105. — Technique  of  removal  of  foreign  body  shown  in  lignre  101.  A.  Skin 
incision  over  the  anterior  left  fifth  interspace  with  optional  extension.  B.  Bony  cage  ex¬ 
posed :  fifth  and  sixth  cartilages  divided  (a),  fifth  intercostal  space  incised  (b).  C.  Ex¬ 
posure  of  right  ventricle  by  incising  fused  pericardium  (a),  and  exposing  foreign  body  (b). 

D.  l^lacement  of  hemostatic  sutures  in  right  ventricular  wall  and  removal  of  foreign  body. 

E.  Enlargement  demonstrates  crossing  of  hemostatic  sutures. 
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Eigufje  ICG. — Technique  of  combined  intercostal-transsLernal  approach  to 
right  aspect  of  right  ventricle  and  phrenic  surface  of  heart  and  pericardium. 

A.  Skin  incision.  B.  Transverse  section  of  sternum  with  Gigli's  .saw  (a),  in¬ 
cised  left  fifth  intercostal  muscle  (b).  C.  Exposure  of  foreign  body  with  aid 
of  Tudor  Edwards’  double  retractor :  foreign  body  ( a ) ,  localized  abscess  of 
pericardium  (b).  D.  Digital  stabilization  of  dislocated  heart. 

was  necessary,  it  could  be  obtained  by  the  optional  T-incision  and  division  of 
the  sixth  and  seventh  costal  cartilao'es. 

After  the  pericardium  and  pleura  had  been  opened  widely,  this  approach 
permitted  palpation  of  a  foreign  body  in  the  right  ventricle.  As  a  rule,  the 
cardiac  chamber  was  not  opened,  nor  was  any  attempt  made  to  remove  the 
missile,  until  it  had  been  located  by  palpation.  Wlien  it  had  been  located,  two 
rows  of  sutures  were  placed  immediately  over  the  object,  on  either  side  of  the 
projected  incision.  These  sutures,  Avhicli  served  as  hemostatic  guy  or  control 
sutures,  were  used  by  the  assistant  to  prevent  blood  loss  from  the  opened  heart 
between  intracardiac  maneuvers.  The  second  row  of  sutures  also  served  as  a 
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Figure  1G7.— Roentgenograms  showing  missile  in  right  auricle.  A. 
Lateral  view.  B.  Posteroanterior  view. 


sort  of  second  line  of  defense,  in  the  eA^ent  that  any  of  the  sutures  in  the  first 
row  pulled  out. 

After  the  missile  had  been  stabilized  as  well  as  possible  with  the  fingers, 
a  small  epicardial  incision  w-as  made  Avith  the  scalpel,  and  a  pointed  forceps 
AA^as  thrust  through  the  myocardial  AA^all  and  spread  open;  an  opening  suffi¬ 
ciently  large  to  permit  the  insertion  of  a  Kocher  clamp  AA^as  thus  created.  The 
foreign  body  AA^as  then  grasped  and  extracted  AAuth  this  instrument.  During 
these  manipulations,  the  assistant  crossed  the  control  sutures  and  thus  produced 
hemostasis. 

Once  the  fragment  had  been  remoA^ed,  the  inner  roAA"  of  control  sutures  AA^as 
tied  across  the  incision.  The  second  line  of  sutures  aa^s  then  tied  oa'Ct  a  small 
free  pericardial  graft,  OA^er  AAdiich  a  second,  larger,  free  pericardial  graft  was 
sutured  into  place.  PostoperatiA^e  cardiac  tamponade  AA^as  aAmided  by  leaAnng 
the  lateral  angle  of  the  pericardial  incision  open  into  the  pleural  space. 

Chromic  catgut  sutures  No.  00  AA-ere  used,  on  atraumatic  noncutting  needles. 
In  retrospect,  it  might  haA^e  been  AAUser  to  use  silk  for  the  A^entricular  closure. 

Diaphragmatic  surface  of  the  heart. — When  the  foreign  bod}^  lay  farther 
to  the  right  or  AYas  on  the  diaphragmatic  surface  of  the  heart,  the  intercostal  in¬ 
cision  described  Avas  combined  Avith  a  transA^erse  sternal  section  (fig.  166). 
Tudor  EdAvards’  double  retractor  could  be  usefully  adapted  for  this  procedure. 
The  sternum  Avas  readily  reconstituted  Avith  Avire. 

When  the  auricle  or  the  right  side  of  the  ventricle  had  to  be  approached, 
the  reverse  of  this  incision  could  be  used  by  folloAving  precisely  the  same  tech¬ 
nique  on  the  right  side  of  the  chest. 

Right  auricle." When  the  missile  Avas  in  the  right  auricle  (fig.  167),  a 
right  anterior  approach  Avas  usually  best  (fig.  168).  The  third,  the  fourth,  or 
eA^en  the  fifth  interspace  Avas  used,  depending  upon  the  location  of  the  foreign 
body.  The  third  interspace,  for  instance,  Avas  incised,  Avith  section  of  the 
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Figure  IGS. — Tecbiu(ine  of  removal  of  foreign  body  shown  in  figure  1G7. 
A.  Incision  for  anterior  approach  to  right  atrium.  B.  Closure  of  in¬ 
cision  with  pericardioatrial  and  atrial  sutures.  C.  Exposure  of  right 
atrium  (a),  reflected  pericardium  (b). 


iliird  and  fourth  (*ostal  cartilages  near  the  sternum,  to  proYude  ex])osure  of  the 
upper  portion  of  the  right  auricle.  After  the  pericardium  had  been  opened, 
control  sutures  Yvere  placed  in  the  auricular  Yvall  by  the  technique  described 
for  their  application  in  the  Y^entricular  wall.  The  auricular  myocardium  was 
often  too  thin  to  hold  sutures.  If  the  structures  were  adherent,  as  in  the  case 
illustrated,  pericardial  tissue  could  be  included  with  auricular  tissue  in  the 
second  suture  line. 

Left  auricle. — If  the  foreign  body  was  in  the  left  auricle,  the  approach 
shown  in  figure  161  was  used.  In  this  case  (case  4,  p.  367),  the  laceration  of 
the  auricle  and  pericardium  was  plugged  by  an  infected  clot,  and  the  fusion 
of  the  two  structures  made  the  intracardiac  portion  of  the  operation  perfectly 
simple. 

Pericardium. — -In  this  series,  intrapericardial  missiles  were  removed  by  a 
posterior  approach  that  exposed  the  left  auricle  on  either  the  right  or  the  left 
side.  This  technique  Yvas  not  used  in  any  intracardiac  operation  at  the  160th 
General  Hospital.  When  the  patient  Yvas  placed  in  Y^entral  decubitus  (fig. 
169),  the  posterior  incision  provided  adequate  exposure. 
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Figure  169. — Technique  of  posterior  approach  to  pericardium  and  heart  on 
right.  A.  Incision  with  patient  in  ventral  decubitus.  B.  Exposure. 


In  one  case  in  wliicli  this  approach  was  used  (fig.  170),  an  extremely  thin- 
walled  auricle  was  encountered  in  a  completely  free  pericardial  space.  Bleed¬ 
ing  from  the  auricular  wall  was  so  free  when  an  attempt  was  made  to  place 
the  hemostatic  sutures  that  this  technique  had  to  be  abandoned.  An  approach 
through  the  auricular  appendage  proved  equally  unsafe.  An  extracardiac 
approach  was  therefore  devised,  hj  exposure  of  the  superior  vena  cava  (fig. 
171) .  Control  tapes  were  placed  around  this  vessel,  an  incision  was  made  into 
it,  and  a  forceps  was  sliiDped  down  the  lumen  and  into  the  ventricle.  This 
maneuver  permitted  removal  of  the  missile  without  difficulties. 

Behavior  of  the  Heart  During  Cardiac  Surgery 

The  electrocardiographic  tracings  made  at  operation  in  some  cases  in  this 
series  were  useful  in  demonstrating  manipulations  that  were  not  well  tolerated 
by  the  heart.  These  manipulations  included  cardiac  dislocations,  hemostatic 
cardiac  grips,  and  extensive  maneuvers  within  the  cardiac  chambers. 


Figure  170. — lloentgeiiograins  showing  foreign  body  in  inleriiurieular 
septum  and  right  auricde.  The  widened  niediastinum  was  found  at 
operation  to  he  caused  by  a  hematoma.  A.  Posteroanterior  view.  B.  La¬ 
teral  view. 

Cardiac  dislocation. — In  some  instances,  dislocation  of  the  lieart  at  opera¬ 
tion  caused  runs  of  ventricular  extrasystoles,  diminished  cardiac  output,  and 
transitory  bundle  branch  block.  Whether  the  dislocation  was  accomplished 
manually  or  by  means  of  au  apical  suture,  it  was  not  well  tolerated,  as  the  fol¬ 
lowing-  case  history  shows : 

Case  5. — At  operation,  this  foreign  body  (fig.  172)  was  found  extracardially,  in  a 
pericardial  abscess  well  back  on  the  diaphragmatic  surface  of  the  heart.  The  abscess 
contained  about  IS  cc.  of  pus.  To  gain  access  to  this  area,  the  heart  had  to  be  lifted 
out  of  the  iiericardial  sac  (plate  II).  This  maneuver  caused  a  fall  in  blood  pressure, 
accompanied  by  circulatory  failure,  which  made  it  necessary  to  replace  the  heart  fre¬ 
quently,  after  relatively  short  periods  of  dislocation,  to  permit  a  return  to  normal  con¬ 
ditions  before  the  operation  could  be  proceeded  with.  Many  irregularities  in  rhythm 
occurred,  which  were  apparently  extrasystoles,  and  marked  cardiac  dilatation,  particularly 
of  the  right  ventricle,  also  developed,  so  that  the  heart  became  too  large  for  the  pericardial 
sac  (plate  III).  After  it  was  replaced,  the  pericardium  was  left  partly  open. 

Klectrocardiograph  tracings  taken  during  operation  (lig.  173)  showed  variations  in 
rhythm  consisting  of  ventricular  extrasystoles  (at  300),  wandering  pacemaker,  varying 
P-R  interval,  and  A-V  nodal  rhythm.  It  was  at  the  time  the  nodal  rhythm  occurred, 
during  a  period  of  dislocation  of  the  heart,  that  a  particularly  prolonged  and  alarming 
episode  of  cii-culatory  failure  developed.  After  recovery,  normal  sinoauricular  tachy¬ 
cardia  returned  (fig.  173). 

An  additional  change  in  the  electrocardiograms  was  also  related  to  dislocation  of  the 
heart.  At  2:57  oxlock  (lig.  173),  the  S-wave  became  broad  and  notched  and  the  QRS 
interval  lengthened  to  0.13  second,  in  contrast  to  the  normal  complexes  at  2 : 07  and  2 :  37 
before  cardiac  manipulations.  While  it  is  unfortunate  that  this  abnormality  was  recorded 
only  in  lead  II,  it  may  be  regarded  as  indicating  at  least  interventricular  block  or  incom¬ 
plete  bundle  branch  block,  probably  on  the  right  side.  The  abnormal  QRS  complexes  per¬ 
sisted  throughout  the  operation,  but  4  days  later,  observations  were  normal.  At  operation, 
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Figure  171. — Teclmique  of  removal  of  foreign  body  in  right  auricle  by  incision  in 
superior  vena  cava  shown  in  figure  170.  A.  j^nterior  skin  incision.  B.  Third  intercostal 
space  incision  (a),  section  of  third  and  fourth  costal  cartilages  close  to  sternum  (b),  and 
exposure  of  intercostal  vessels  to  permit  their  division  (c).  C.  Excellent  exposure  of 
superior  vena  cava  by  this  approach:  pericardium  incised  (a).  D.  Incision  into  vessel 
and  removal  of  right  auricular  foreign  body  (a),  tapes  placed  around  superior  vena  cava 
to  control  hemorrhage  (b).  This  technique  was  used  in  this  case  because  the  pericardial 
space  was  free  and  the  auricular  wall  too  thin  to  hold  guy  sutures. 


the  delay  in  conduction  could  be  correlated,  by  direct  visual  inspection,  with  dilatation  of 
the  right  ventricle.  This  extremely  unusual  observation  in  a  human  subject  was  considered 
to  be  caused,  at  least  in  iiart,  by  the  increased  time  necessary  for  conduction  of  the  impulse 
through  the  greatly  dilated  right  ventricle. 

The  intolerance  of  the  heart  to  dislocation  was  demonstrated  in  this  case  in  two  ways, 
(1)  by  ventricular  dilatation  with  incomplete  bundle  branch  block,  and  (2)  by  varying 
types  of  arrhythmia  and  circulatory  collapse.  Obviously,  dislocation  of  the  heart  may 
produce  torsion  of  the  great  vessels  and  obstruction  to  outflow  of  blood,  with  (1)  a  fall  in 
blood  pressure  resulting  from  the  diminished  cardiac  output  and  (2)  ventricular  dilatation 
resulting  from  the  increased  resistance  to  blood  flow. 
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Figuee  172  (case  5). — Roentgenograms  showing  foreign  body  in 
pericardial  abscess  well  back  on  diaphragmatic  surface  of  heart. 
A.  Posteroanterior  view.  B.  Lateral  view. 


This  sort  of  experience  led  surgeons  on  the  thoracic  surgery  service  at  the 
160th  General  Hospital  to  avoid  the  apical  suture  as  a  means  of  exposing 
inaccessible  areas  of  the  heart.  The  situation  encountered  in  combat-incurred 
wounds  is  quite  different  from  the  circumstances  of  civilian  surgery,,  in  which 
a  planned  approach  permits  precise  and  comfortable  exposure  of  any  part  of 
the  heart. 

Obstruction  of  the  cardiac  blood  flow, — Experience  showed  that  the  clas¬ 
sical  hemostatic  cardiac  grips  intended  to  provide  a  bloodless  surgical  field 
were  also  poorly  tolerated.  These  maneuvers  disturbed  cardiovascular  dynam¬ 
ics  and  were  therefore  used  only  as  a  last  resort. 

The  intolerance  of  the  heart  to  obstruction  of  the  blood  flow  was  in  striking 
contrast  to  its  stability  during  other  cardiac  procedures  and  certain  intracardiac 
procedures.  The  surface  of  the  heart  could  be  manij)ulated,  sutures  taken  into 
the  muscle,  and  incisions  made  into  the  cardiac  chambers  with  little  evidence 
of  disturbance. 

Intracardiac  manipulations. — ^hlore  extensive  manipulations  inside  the 
cardiac  chambers  by  the  exploring  finger  or  by  a  forceps  inserted  to  remove 
an  intracardiac  thrombus  or  a  foreign  body  were  less  well  tolerated.  Sometimes 
no  abnormalities  were  noted,  but  marked  cardiac  irregularity,  in  the  form  of 
multiple  ventricular  extrasystoles,  were  common.  The  case,  already  described 
(case  1,  p.  357),  in  which  three  cardiotomies  were  necessary,  demonstrates  this 
point  particularly  well.  As  the  foreign  body  was  grasped  and  extracted  from 
the  right  ventricle,  electrocardiographic  tracing  (fig.  153)  showed  showers  of 
ventricular  extrasystoles  from  different  foci  in  both  ventricles;  runs  of  ven¬ 
tricular  tachycardia  lasted  as  long  as  16  seconds.  Direct  observation  of  the 
irregular  heart  action  and  examination  of  the  electrocardiogram  raised  the 


Figuke  173  (case  5). — Flectrocardiogrnias  taken  during  operation  for  removal  of  peri¬ 
cardial  foreign  body.  See  figure  147  for  key.  Tlic  number  in  the  lower  corner  of  each 
segment  indicates  the  clock  reading  at  which  the  tracing  was  made.  Note  the  nodal 
rhythm,  wliicli  occurred  during  a  prolonged  and  alarming  episode  of  circulatory  failure 
while  the  heart  was  dislocated  (plate  II) . 

fear  of  inipeiKliiig  ventricular  Hbrillation,  but  at  tlie  end  of  tlie  operation,  when 
the  irritatino-  forcejDS  and  tlie  missile  liad  been  removed  from  the  ventricular 
chamber,  the  tachycardia  ended  promptly  and  the  P-li  interval  returned  to 
normal  in  three  beats.  All  of  these  irregularities  were  relatively  benign. 

Other  causes  of  cardiac  irritability. — Minor  evidences  of  cardiac  ir¬ 
ritability  were  observed  at  operation,  such  as  extrasystoles  and  wandering 
pacemaker,  varying  P-E  interval,  and  even  A-V  nodal  rhythm,  but  these 
phenomena  were  not  usually  accompanied  by  any  significant  clinical  manifesta¬ 
tions.  These  minor  abnormalities  were  often  evoked  by  procedures  not  related 
to  the  heart,  such  as  endotracheal  intubation,  spreading  of  the  ribs,  and  manipu¬ 
lations  of  the  hilar  and  mediastinal  structures.  It  was  thought  that  keeping 
the  surface  of  the  heart  moist  with  warm  physiologic  salt  solution  or  procaine 
hydrochloride  solution  was  important  in  reducing  the  tendency  toward 
irritability. 
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Postoperative  Management 

The  postoperative  care  of  a  patient  who  had  undergone  cardiac  surgery 
was  essentially  the  same  as  the  care  of  a  patient  who  had  undergone  any  serious 
chest  surgery.  Patients  who  had  required  ventricular  cardiotomy  were  kept 
in  bed  for  3  weeks,  even  though  the  electrocardiographic  tracings  had  usually 
returned  to  normal  Avithin  a  few  hours  after  operation. 


FOREIGN  BODIES  IN  AND  ABOUT  THE  GREAT  VESSELS 
Indications  for  Surgery 

The  danger  of  erosion  and  suppuration  as  the  result  of  the  retention  of 
large  missiles  in  close  proximity  to  thoracic  blood  A^essels  Avas  quite  real.  At 
least  three  deaths  are  knoAvn  to  liaA^e  occurred  at  other  installations  in  the 
European  theater  as  the  result  of  erosion  from  this  cause.  In  the  78  successful 
operations  for  remoAuil  of  such  missiles  at  the  IGOth  General  Flospital  thoracic 
surgery  center,  there  Avas  no  instance  of  erosion.  On  the  other  hand,  abscess 
formation  occurred  in  about  15  percent  of  the  cases ;  clothing,  bone  fragments, 
and  other  foreign  material  entered  the  body  Avith  the  shell  fragment  in  30 
percent  of  the  cases;  and  pathogenic  bacteria  Avere  found  on  67  percent  of  the 
material  that  Avas  cultured  on  removal. 

On  the  basis  of  these  facts,  it  became  established  policy  at  this  chest  center 
to  remove  all  foreign  bodies  in  the  mediastinum  adjacent  to  the  great  A'cssels 
if  they  measured  1  cm.  or  more  in  tAvo  dimensions.  The  decision  to  remoA^e 
smaller  objects  or  permit  tliem  to  remain  in  situ  Avas  made  on  the  indications 
in  each  case. 

Eemoval  of  the  foreign  bodies  seldom  presented  any  technical  difficulties. 
At  the  160th  General  Hospital,  operation  Avas  unsuccessful  in  only  one  case, 
the  third  undertaken.  The  fact  that  there  Avere  no  deaths  in  the  78  cases  in 
Avhich  the  objects  Avere  removed  seems  to  support  the  contention  that  their 
removal  Avas  safer  than  their  continued  retention. 

The  only  cases  in  this  series  Avhicli  Avarrant  special  discussion  are  the  three 
instances  of  migratory  intravascular  objects,  AAOiich  Avill  be  described  in  some 
detail. 

MIGRATORY  INTRAVASCULAR  FOREIGN  BODIES 

In  1912,  Straus  (,€)  collected  from  the  Avorld  medical  literature  32  instances 
of  migratory  intraAuxscular  foreign  bodies  and  added  to  the  collection  a  case 
Avhich  he  had  himself  observed.  A  second  revieAv  of  the  same  literature  in 
1915  brought  to  light  nine  additional  cases  that  Straus  did  not  include  in  his 
material.  Undoubtedly,  other  cases  Avere  overlooked  in  both  reAueAvs,  AAliile 
still  other  cases  liaA-e  not  been  reported  at  all. 
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Fxguke  174  (case  G). — RoontgenogTams  showing  .30-caliber  bullet 
in  hilar  region  of  left  lung.  The  bullet  was  later  found  to  be  within 
one  of  the  radicles  of  the  left  pulmonary  artery.  A.  Posteroauterior 
view.  B.  Lateral  view. 

Almost  without  exceptioii,  the  migratory  foreign  bodies  in  these  42  cases 
were  bullets  or  shell  fragments,  the  majority  of  which  originated  in  combat- 
incurred  injuries. 

The  infrequency  of  such  cases,  the  bizarre  courses  of  many  of  the  embolic 
missiles,  and  the  dramatic  developments  often  associated  with  their  migration 
warrant  a  presentation  of  the  three  such  cases  encountered  at  tlie  160th  General 
Hospital  thoracic  surgery  center,  together  with  a  brief  comment  on  certain  of 
their  features. 

Case  6. — A  30-year-old  soldier  was  Avounded  in  the  left  infraclavicular  region  by  a 
.30-caliber  machinegun  bullet  while  in  combat  in  Belgium  on  26  December  1944.  The 
wound  AA^as  debrided  and  sutured  the  same  day  at  a  forw'ard  installation.  Roentgenograms 
of  the  chest  taken  at  this  time  revealed  that  the  bullet  Avas  located  posterior  to  the  hilus 
of  the  left  lung. 

When  the  patient  Avas  evacuated  to  the  12Sth  General  Ilospital,  BishopstroAv,  England, 
it  Avas  decided  that  the  size  of  the  missile  and  its  proximity  to  the  hilus  of  the  lung  con¬ 
stituted  valid  indications  for  its  surgical  removal.  He  Avas  therefore  transferred  to  the 
chest  center  at  the  160th  General  Ilospital  on  8  January  1945. 

Initial  roentgenograms  (fig.  174)  confirmed  the  prcAdous  findings.  Routine  fluoroscopic 
studies  for  precise  localization  of  the  missile  suggested  nothing  more  remarkable  than  the 
presence  of  a  pulsating  bullet  intimately  associated  Avith  the  left  hilar  structures.  There 
seemed  no  doubt  that  it  could  readily  bo  removed  through  a  conventional  posterolateral 
approach. 

Thoracotomy  Avas  accordingly  performed  through  this  approach  on  10  January  1945. 
After  resection  of  12  cm.  of  the  seventh  rib,  the  bullet  could  be  palpated  in  the  central 
portion  of  the  left  upper  lobe.  Its  location  Avas  confirmed  by  palpation  by  the  first  assistant. 
When,  hOAA^ever,  the  surgeon  palpated  the  area  for  a  second  time,  he  Avas  chagrined  to  find 
that  the  missile  had  vanished.  A  thorough  search  of  the  entire  left  lung,  including  the 
hilus,  and  of  the  posterior  mediastinum  and  the  pericardium  failed  to  locate  the  bullet, 
and  it  Avas  suspected  that  it  had  fallen  into  the  tracheobronchial  tree.  When  this  possibility 
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Figure  175  (case  G).- — Roentgenograms  taken  immediately  after 
left  thoracotomy.  The  bullet  now  seems  to  be  in  the  hilus  of  the  left 
lung.  Tile  double  image  of  the  bullet  in  the  lateral  view  is  explained 
by  its  pulsation  with  the  pulsation  of  the  pulmonary  artery,  A. 
Posteroantcrior  view.  B.  Lateral  view. 


was  excluded  by  immediate  bronchoscop,v,  no  further  maniiiulations  were  attempted,  and 
the  chest  was  closed. 

Recovery  was  completely  uneventful  and  the  patient  was  allowed  out  of  bed  daily 
after  the  first  24  hours.  Roentgenograms  taken  immediately  after  operation  (fig.  175) 
showed  that  the  bullet  that  had  previously  been  seen  in  the  hilar  region  of  the  left  lung 
(fig.  174)  was  now  lying  horizontally,  just  to  the  right  of  the  body  of  the  sixth  dorsal 
vertebra,  pointing  outward.  The  pulsations  indicated  that  it  was  in  contact  with  the  area 
of  the  pulmonary  artery.  It  was  concluded  that  the  missile  Avas  definitely  in  the  right 
pulmonary  artery. 

A  second  thoracotomy  Avas  performed  on  20  February  1945,  through  the  third  inter¬ 
costal  space  anteriorly  (fig.  17G).  The  third  and  fourth  costal  cartilages  Avere  divided 
close  to  the  sternum.  There  Avas  no  eAudeiice  of  altered  blood  flow  in  the  lungs.  The  bullet 
Avas  palpated  in  the  hilus  of  the  right  lung  at  and  in  the  mediastinum,  posterior  to  the 
superior  vena  cava. 

The  right  pulmonary  artery  Avas  isolated,  and  a  tape  Avas  placed  about  it  proximal  to 
the  foreign  body.  The  missile,  point  outAvard,  Avas  digitally  manipulated  away  from  the 
hilus  into  the  pulmonary  artery  of  the  upper  lobe,  the  milking  process  being  continued 
until  its  point  presented  beneath  the  visceral  pleura  in  the  interlobar  fissure.  Here,  the 
pleura  Avas  nicked,  and  the  presenting  tip  Avas  thrust  upward  through  the  opening  and 
grasped  AAuth  a  Kocher  clamp.  The  missile  Avas  then  delivered  in  toto  by  slOAvly  stretching 
the  terminal  branches  of  the  pulmonary  arterial  tree.  Hemorrhage  Avas  controlled  by  cir¬ 
cumferential  mattress  sutures  of  catgut  in  the  lung  at  the  point  of  removal  of  the  missile. 
The  Avound  Avas  closed  Avitliout  drainage. 

Tlie  patient  Avas  up  and  about  after  the  first  postoperative  day.  His  recoAmry  aa’US 
completely  uneventful,  and  he  Avas  returned  to  the  Zone  of  Interior  for  rehabilitation  on 
30  March  1945. 

Case  7. — This  soldier  aauis  AAmunded  on  14  October  1944,  in  action  in  France,  by  a  shell 
fragment  that  entered  through  the  upper  part  of  the  right  posterior  axillary  line.  The 
Avound  of  entrance  Avas  debrided  and  closed  the  same  day  at  the  60th  Field  Hospital. 
Aspiration  of  a  right  hemothorax  yielded  500  cc.  of  blood.  Roentgenograms  of  the  chest 
(fig,  177)  reAmaled  a  foreign  body  in  the  right  upper  mediastinum,  3  cm.  posterior  to  the 
right  sternoclavicular  joint. 
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Figure  176  (case  6 ) .— Tecliniaiie  of  removal  from  right  pulmonary  artery  of 
foreign  body  shown  in  figures  174  and  175.  A.  Skin  incision.  B.  Exposure  of  light 
puhnonary  artery.  Umbilical  tape  placed  proximally  around  the  main  pulmonary 
prevents  escape  of  the  bullet  to  opposite  pulmonary  artery  or  right  ventricle.  C.  Milk¬ 
ing  of  bullet  to  periphery  of  lung,  into  one  of  the  smaller  radicles  of  the  pulmonary 
artery.  D.  Opposing  hemostatic  sutures  at  site  of  removal  of  bullet. 

After  the  patient  reached  the  154th  General  Hospital,  Wroughton,  England,  a  peri¬ 
cardial  friction  rub  was  heard.  On  21  October,  a  bruit  was  discovered  over  the  right 
supraclavicular  fossa,  and  it  was  noted  that  both  the  brachial  and  the  radial  pulses  were 
absent  in  the  right  arm.  Thoracentesis,  repeated  on  7  November,  yielded  what  was  at  first 
thought  to  be  fresh  blood.  It  was  later  found  to  be  old,  changed  blood  of  the  so-called 
grape  juice  type. 

In  view  of  the  roentgenologic  and  clinical  findings,  the  patient  was  transferred  to  the 
thoracic  surgery  center  at  the  160th  General  Hospital  on  10  November  1944.  There,  it  was 
noted  that  the  riglit  hand  Avas  cooler  than  the  left  and  AA^as  AA’axy-yello^A^  The  blood  pressure 
in  the  right  arm  Avas  102/80  and  in  the  left  122/68  mm.  Hg.  Fluoroscopic  and  roentgenologic 
examination  led  to  the  conclusion  that  the  foreign  body  lay  in  close  proximity  to  the 
innominate  artery. 

Surgical  removal  of  the  fragment  AAms  considered  adA’isable  because  of  (1)  its  size; 
(2)  its  proximity  to  the  large  vessels  in  this  region;  (3)  the  evident  vascular  damage  it 
had  caused,  as  attested  by  the  bruit  and  the  differences  betAveen  the  blood  pressures  in  the 
right  and  left  arms  ;  and  (4)  the  possibility  that  fresh  bleeding  had  occurred  into  the  right 
pleural  cavity.  The  latter  consideration  suggested  that  surgical  intervention  be  instituted 
promptly. 
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Figure  177  (case  7). — Roentgenograms  showing  retained  shell 
fragment  posterior  to  right  sternoclavicular  joint  in  region  of 
innominate  artery.  A.  Posteroanterior  view.  B,  Lateral  view. 


Operation  was  iierformed  on  12  November  1944  under  endotracheal  gas-oxygen-cther 
anesthesia.  A  U-shaped  incision  was  made  over  the  right  upper  anterior  chest  (flg.  178). 
The  sternum  was  exposed.  The  internal  mammary  vessels  were  divided  and  ligated  in  the 
second  intercostal  space.  The  right  pleural  cavity  was  opened  widely.  The  deep  surface 
of  the  sternum  was  cleared  of  underlying  structures,  and  the  bone  was  split  with  a  power 
saw  longitudinally  in  the  midliiie,  from  the  suprasternal  notch  down  to  the  level  of,  and 
out  through,  the  second  intercostal  space.  When  the  segment  of  sternum,  with  the  clavicle 
and  the  first  two  ribs  attached,  was  refiected  upward  and  outward,  excellent  exposure  of 
the  superior  mediastinum  and  the  base  of  the  neck  was  secured. 

The  superior  vena  cava  and  the  innominate  veins  were  retracted  with  tapes.  The 
innominate  artery  was  isolated  at  its  point  of  origin  from  the  aorta,  and  a  tape  was  placed 
about  it  for  hemostatic  purposes.  It  was  then  dissected  free  up  to  its  bifurcation  into  the 
carotid  and  subclavian  arteries.  Tapes  were  placed  about  each  of  these  vessels.  It  was 
not  possible  to  palpate  the  foreign  body  within  the  upper  portion  of  the  innominate  artery, 
the  wall  of  which  was  intact  and  free  from  scars.  The  artery  was  incised  longitudinally, 
and  the  foreign  body  was  removed.  The  portion  of  intinia  which  had  been  in  contact  with 
it  showed  evidences  of  patchy  destruction.  After  thrombi  had  been  removed  from  the 
lumen  of  the  vessel,  bleeding  was  free,  both  proximally  and  distally. 

The  incision  in  the  artery  was  closed  in  two  layers,  with  interrupted  No.  000  silk 
sutures.  The  first  layer  included  the  entire  wall.  The  second  sutures  were  introduced 
through  the  adventitia  and  media ;  a  bite  was  taken  on  either  side  of  the  incision  as  each 
suture  was  xilaced,  l)ut  the  sutures  did  not  jjass  through  the  lijis.  Fibrin  foam  was  laid 
over  the  incision  and  held  in  place  with  the  second  layer  of  sutures. 

The  sternum  was  approximated  with  three  interrupted  wire  sutures  placed  in  drilled 
holes  that  had  been  so  staggered  that  the  medial  holes  were  lower  than  the  lateral  holes. 
When  the  sutures  were  pulled  tight,  the  sternal  fragment  was  therefore  drawn  downward 
and  inward,  and  a  precise  and  stable  reconstruction  of  the  pectoral  girdle  was  thus  obtained. 
Great  care  was  taken  to  accomplish  this  result  because  stability  had  been  found  to  be  of 
great  importance  after  section  of  the  sternum;  the  movement  of  loosely  approximated 
sternal  fragments  was  painful  and  could  produce  shock. 

The  pectoral  muscles  were  approximated  with  interrupted  sutures  of  No.  00  chromic 
catgut.  The  superficial  fascia  was  similarly  closed,  and  the  skin  was  sutured  with  No.  0 
black  silk.  No  drains  were  used. 
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Figure  179  (case  S). — Roentgenograms  3  days  after  ^YOlllld- 
ing  showing  clear  lung  fields.  A.  Posteroanterior  view.  B. 
Lateral  view. 


Immediately  after  operation,  the  pulse  in  the  right  arm  was  barely  perceptible.  The 
first  postoperative  day,  the  blood  pressure  was  122/80  mm.  Hg  in  the  left  arm  but  I’emained 
unobtainable  in  the  right  arm.  The  second  postoperative  day,  the  right  stellate  ganglion 
was  infiltrated  with  procaine  hydrochloride.  The  right  arm  immediately  became  warm, 
and  a  systolic  blood  pressure  of  68  mm.  Hg  could  be  obtained.  On  17  November,  the  blood 
pressure  was  132/60  mm.  Hg  in  the  left  arm  and  98/76  in  the  right  arm.  On  November  25, 
the  respective  pressures  were  121/86  and  108/64  mm.  Hg.  On  15  January  1945,  the  blood 
pressures  were  the  same  in  both  arms. 

The  patient  was  heparinized  for  3  days  after  operation.  The  clotting  time  usually 
averaged  from  9  to  15  minutes  but  on  a  single  occasion  was  45  minutes.  The  hemothorax 
still  present  after  operation  was  evacuated  by  aspiration  and  required  no  further  treatment. 
Hoarseness,  the  result  of  manipulation  of  the  right  recurrent  laryngeal  nerve,  was  present 
for  4  weeks  after  operation;  then  it  disappeared  completely.  Union  of  the  sternum  was 
firm.  When  the  patient  was  returned  to  the  Zone  of  Interior  on  1  March  1945  for  rehabili¬ 
tation,  he  was  in  excellent  condition  and  had  no  evidence  of  any  circulatory  disturbance. 

Case  8. — A  22-year-old  soldier  was  struck  by  a  machinegun  bullet  on  15  July  1944, 
while  in  action  in  France.  The  point  of  entrance  was  in  the  right  axilla,  at  the  level  of 
the  fifth  rib.  When  he  was  evacuated  to  the  159th  General  Hospital,  Yeovil,  England,  on 
17  July,  routine  roentgenograms  showed  no  abnormalities  (fig.  179),  and  the  lateral  film 
established  the  absence  of  metallic  objects  in  the  retrocardiac  zone. 

The  patient  was  symptom-free  when  he  was  sent  to  the  rehabilitation  barracks,  and 
for  about  3  weeks  he  participated  in  a  vigorous  athletic  program,  with  no  difficulties.  Then, 
early  in  the  morning  of  13  August,  he  was  wakened  by  agonizing  pain  in  the  lower  left  chest, 
accompanied  by  dyspnea,  orthopnea,  cough,  and  hemoptysis.  Rales  and  diminished  breath 
sounds  were  heard  over  the  left  axilla.  On  15  August,  roentgenograms  of  the  chest  (fig.  180) 
revealed  a  .30-caliber  bullet  in  the  hilus  of  the  left  lung.  On  19  August,  bronchoscopy  re¬ 
vealed  edema  of  the  left  main  bronchus  with  an  injected  bleeding  point  on  the  posterolateral 
wall.  The  continued  hemoptysis  and  the  bronchoscopic  findings  suggested  that  the  bullet 
had  eroded  from  the  pulmonary  artery  into  the  left  main  or  descending  bronchus.  The 
patient  was  therefore  transferred  to  the  chest  unit  at  the  160th  General  Hospital  on 
22  August. 
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Figure  ISO  (case  S). — Roentgenograms  1  month  later,  2  days  after 
sudden  onset  of  pain  in  left  lower  hemithorax.  A  .30-caliber  bullet  is 
now  visualized  in  the  hilar  region  of  the  left  lung.  At  operation,  it 
was  found  in  the  left  inferior  branch  of  the  pulmonary  artery.  A.  Pos- 
teroanterior  view.  B.  Lateral  view. 

Since  the  possibility  of  erosion  of  the  bullet  from  the  pulmonary  artery  into  the 
bronchus  seemed  an  urgent  indication  for  surgical  intervention,  operation  was  undertaken 
on  28  August  1944.  Thoracotomy  was  performed  through  a  posterolateral  approach,  with 
resection  of  a  16-cm.  segment  of  the  left  seventh  rib.  Exploration  revealed  discoloration 
of  the  lingular  portion  of  the  left  upper  lobe  and,  to  a  lesser  degree,  of  the  anterior  basic 
segment  of  the  left  lower  lobe.  The  missile  could  be  palpated  through  the  interlobar  fissure 
in  the  lower  lobe  and  hilus ;  it  seemed  intimately  associated  with  the  artery.  A  fluctuant 
area,  about  1  cm.  in  diameter,  was  noted  over  the  base  of  the  bullet. 

The  hilus  was  exposed,  so  that  the  pulmonary  artery  could  be  compressed  by  grasping 
the  hilar  structures  from  above  downward  between  the  index  and  middle  fingers  of  the  left 
hand.  The  digital  compression  not  only  was  hemostatic  but  also  served  to  stabilize  the 
missile.  With  the  situation  thus  under  control,  the  fluctuant  area  was  incised.  The  butt 
of  the  bullet  was  found  lying  in  an  abscess  cavity  anterior  to,  and  including  the  anterior 
surface  of,  the  lower  branch  of  the  left  inilmonary  artery.  The  body  and  point  of  the 
missile,  however,  lay  within  the  arterial  lumen,  and  as  soon  as  the  bullet  had  been  extracted, 
the  full  arterial  stream  issued  from  the  defect.  The  hemorrhage  was  at  all  times  com¬ 
pletely  under  control,  as  could  be  proved  by  voluntary  release  of  the  artery  and  immediate 
cessation  of  the  bleeding  when  compression  was  resumed. 

The  abscess  cavity  was  thoroughly  debrided,  and  mattress  sutures  were  placed  through 
its  wall  and  through  the  subjacent  artery.  Fibrin  foam  impregnated  with  penicillin  was 
placed  over  the  mattress  sutures  used  to  close  the  arterial  incision  before  they  were  tied. 
An  excellent  closure  of  the  vessel  was  thus  effected.  The  gangrenous  lingular  portion  of 
the  left  upper  lobe  was  then  resected,  and  the  line  of  resection  was  closed  with  mattress 
sutures  of  No.  00  chromic  catgut.  The  anterior  basic  segment  of  the  left  lower  lobe, 
although  somewhat  discolored,  was  considered  viable  and  was  not  disturbed.  The  lung 
reexpanded  readily.  Before  the  chest  was  closed,  100,000  units  of  peiiieilliii  in  50  cc.  of 
2.4-percent  sodium  citrate  solution  were  instilled  into  the  pleural  cavity. 

The  left  hemothorax  present  after  operation  was  aspirated  and  did  not  recur.  The 
patient  was  up  and  about  the  ward  within  48  hours,  and  he  was  in  excellent  condition  when 
he  was  transferred  to  a  rehabilitation  center  on  1  December  1944. 
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Figure  ISl  (case  6). — Migration  of  bullet  from  left 
pulmonary  artery  into  main  pulmonary  artery  and 
thence  into  right  pulmonary  artery :  Original  position 
of  bullet  in  left  pulmonary  artery  (a),  and  final  posi¬ 
tion  of  bullet  after  migration  into  right  pulmonary 
artery  (b). 


Migration  and  Clinical  Consequences 

Pattern  of  migration. — In  the  42  cases  of  migTatory  intravascular  foreign 
bodies  reported  in  the  literature  up  to  1945  (p.  380),  migration  was  about 
equally  divided  between  arterial  and  venous  channels,  depending  upon  Avhich 
the  object  happened  to  enter  at  the  time  of  wounding. 

Apparently,  tliere  is  considerable  latitude  in  the  ^^ossible  patterns  of  migra¬ 
tion  when  a  foreign  object  enters  the  circulation. 

In  11  of  the  42  recorded  cases,  the  missile  entered  one  of  the  larger  arteries 
and  passed  peripherally  as  an  embolus.  In  five  instances,  it  entered  the  left 
ventricle  and  was  swept  out  into  the  aorta,  to  lodge  within  this  vessel  or  witliin 
one  of  its  branches.  In  one  case,  it  passed  through  the  left  ventricle,  to  liecome 
embolic  to  the  right  femoral  artery.  Two  missiles  entered  the  ascending  aorta 
and  passed  dovniward  against  the  arterial  stream ;  one  came  to  rest  in  the  sinus 
of  Valsalva  and  the  other  in  the  left  ventricle.  One  missile  entered  the  j)ul- 
moiiary  artery,  migrated  downward  into  the  right  ventricle,  and  killed  the 
patient  7  da^-s  later,  when  it  became  embolic  to  the  right  pulmonary  artery  (.9) . 
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Figure  1S2  (case  7). — Probable  course  of  migratory 
missile  from  left  auricle  through  left  ventricle  and 
aorta  into  innominate  artery :  Foreign  body  enters 
right  pulmonary  vein  (a),  left  atrium  (b),  left  ven¬ 
tricle  (c),  and  innominate  artery  (d). 


In  two  instances,  the  missile  entered  one  of  the  pulmonary  veins  and  passed 
into  the  left  ventricle. 

The  patterns  of  arterial  migration  described  in  two  of  the  three  cases  of 
mio-ratory  foreign  bodies  observed  at  the  chest  center  at  the  160th  General 
Hospital  do  not  seem  to  have  been  reported  previously.  In  one  case  (case  6, 
fig.  181)  migration  was  from  the  left  pulmonary  artery  into  the  main  pul¬ 
monary  artery  and  thence  to  the  right  pulmonary  artery.  The  bullet  vas 
evidently  in  tlie  lumen  of  the  left  puimonary  artery  at  the  first  operation  and 
was  dislodged  by  the  exploratory  palpation. 

In  one  case  (case  7,  fig.  182),  since  the  wall  of  the  innominate  artery  and 
the  adjacent  portion  of  the  aorta  wTre  found  at  operation  to  be  intact  every¬ 
where,  the  course  of  the  missile,  it  seems,  must  necessarily  have  been  through 
the  right  side  of  the  chest  and  into  the  pulmonary  vein  or  the  left  side  of  the 
heart.  The  fragment  was  then  carried  as  an  embolus  by  the  bloodstream  into 
the  aorta  and  thence  to  the  innominate  artery,  where  it  lodged.  The  pericardial 
friction  rub  noted  before  operation  suggested  that  the  pericardium  had  been 
traversed  and  that  the  foreign  body  had  entered  the  left  side  of  the  heart, 


TIIOKAGIC  SliKGEIiY 


Figuke  183  (case  8).— Course  of  migratory  bullet  from 
entry  into  inferior  vena  cava  tlirough  right  auricle  and  ven¬ 
tricle  and  out  into  left  pulmonary  artery :  Apparent  mecha¬ 
nism  of  entry  into  venous  circuit  (a)  and  course  as 
embolus  (b). 

whence  it  passed  into  the  arterial  circulation.  The  case  thus  represents  a 
penetrating  wound  of  the  heart  or  pulmonary  artery  with  arterial  embolism 
of  the  foreign  body  to  the  innominate  artery. 

In  one  case  (case  8,  fig.  183),  the  exact  portal  of  entry  of  the  bullet  into 
the  circulation  can  only  be  surmised.  Since,  however,  the  wound  of  entry 
was  in  the  lower  axilla  and  the  chest  was  clear  in  the  films  taken  immediately 
after  wounding,  it  seems  reasonable  to  assume  that  the  bullet  was  oi'ig'inally 
in  the  liver.  It  probably  began  its  migration  in  the  inferior  vena  cava,  whence 
it  was  carried  to  the  right  auricle,  then  to  the  left  ventricle,  and  then  into  the 
pulmonary  artery.  It  entered  the  left  branch  of  the  pulmonary  artery  and 
lodged  in  the  branch  to  the  lower  lobe  and  lingula  in  such  a  way  as  to  occlude 
the  arterial  supply  to  the  lingula  as  it  arose  from  the  artery  of  the  lower 
lobe  in  this  region.  Occlusion  of  the  pulmonary  circuit  was  associated  with 
parench3unal  changes. 

No  instances  of  intravenous  migration  of  foreign  bodies  were  observed 
at  the  160th  General  Hospital  thoracic  surgery  center  during  the  war.  In  9 
of  the  42  cases  recorded  in  the  literature,  the  object  entered  one  of  the  larger 
veins,  migrated  to  the  right  auricle,  and  came  to  rest  in  the  right  ventricle. 


EETAIXED  INTEACARDIAC  FOREIGN  BODIES 


391 


Ill  three  instances,  it  followed  the  same  course  as  far  as  the  right  auricle,  then 
traveled  down  the  vena  cava  before  coming  to  rest  in  one  of  its  tributaries. 
In  two  instances,  it  entered  one  of  the  pulmonary  veins  and  passed  into  the 
left  ventricle.  In  other  cases,  the  bullet  entered  the  inferior  vena  cava  and 
migrated  to  the  junction  of  the  common  iliac  veins;  entered  the  right  ventricle 
and  passed  into  the  pulmonary  artery ;  entered  the  long  dural  sinus  and  then 
mio-rated  into  the  sigmoid  sinus;  and  entered  the  venous  circulation  through 
a  wound  in  the  thigh  and  was  found  at  autopsy  in  the  left  ventricle.  In  the 
latter  case,  there  was  a  widely  patent  foramen  ovale.  In  the  case  reported  bj^ 
Straus  (,‘8),  the  bullet  entered  the  right  common  iliac  vein  and  traveled  to  the 
left  pulmonary  artery.  Deatli  occurred  4  days  later  but  was  not  caused  by 
the  embolic  missile. 

In  one  case,  a  patient  who  harbored  a  missile  that  had  migrated  into  the 
right  ventricle  complained  of  pain  over  the  heart.  With  this  single  exception, 
foreign  bodies  migrating  within  the  veins  caused  no  symptoms  in  the  recorded 
cases. 

When  a  missile  is  in  the  arterial  circulation,  clinical  manifestations  vary 
according  to  the  portion  of  the  arterial  tree  involved.  The  embolic  character 
of  the  object  is  supported  by  the  changing  symptomatology  as  well  as  by 
roentgenologic  studies  and  by  the  findings  at  operation. 

Varying  degrees  of  arterial  insufficiency  have  been  reported  as  the  result 
of  missiles  embolic  in  the  arteries.  In  the  case  reported  by  Paltauf  (3)  and 
already  mentioned  (p.  388),  death  occurred  when  the  migratory  object  became 
embolic  in  the  right  pulmonary  artery.  In  a  case  reported  by  O’Veill  (^), 
gangrene  of  the  left  lower  extremity  developed  after  a  shell  fragment  became 
embolic  from  the  left  ventricle  to  the  left  common  iliac  artery;  the  patient 
survived  5  days.  In  one  of  the  cases  observed  at  the  160th  General  Hospital, 
the  patient  experienced  severe  pain  when,  presuinabl}",  the  missile  moved  from 
the  venous  to  the  arterial  circulation,  and  lodgment  of  the  bullet  in  the  branch 
of  the  pulmonary  artery  supplying  the  left  lower  lobe  resulted  in  gangrene  of 
the  lingular  portion  of  the  lung  on  that  side. 

Infection. — Infection  is  a  theoretical  possibility  in  all  cases  of  migratory 
foreign  bodies.  Lyle  (S)  seems  to  have  been  the  first  to  call  attention  to  this 
fact.  In  his  case,  the  foreign  body,  which  was  found  at  autopsy  in  the  right 
ventricle,  had  fragments  of  clothing  adherent  to  it.  A  fibrinopurulent  peri¬ 
carditis  was  present,  and  gas  bubbles  were  noted  in  the  myocardium,  but  the 
wound  of  entrance  in  the  thigh  showed  no  evidence  of  infection  at  any  time. 

Diagnosis.— The  possibility  of  intravascular  migration  of  missiles,  as  the 
cases  observed  at  the  160th  General  Hospital  indicate,  should  be  borne  in  mind 
in  all  instances  of  penetrating  wounds,  and  the  surgeon  should  make  evei^^ 
effort  to  locate  a  missile  whose  position  is  not  immediately  obvious.  If  a  patient 
who  harbors  a  foreign  body  develops  sudden  and  unexplained  symptoms,  as  in 
one  of  these  cases  (case  8,  p.  386),  fluoroscopic  and  roentgenologic  examinations 
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should  be  resorted  to  immediately,  to  determine  Avhether  migration  of  the 
missile  is  responsible  for  the  clinical  manifestations. 

Management 

A  revieAv  of  the  33  cases  collected  by  Straus  (^),  including  his  own,  does 
not  encourage  an  optimistic  attitude  concerning  migratory  foreign  bodies.  He 
listed  only  six  survdvals,  and  the  pathologist,  not  the  surgeon,  was  usually  the 
one  to  remove  the  object  and  establish  the  course  of  the  migration.  In  World 
War  II,  in  view  of  the  progress  which  had  been  made  in  thoracic  and  vascular 
surgery  and  in  anesthesia  between  the  wars,  the  thoracic  blood  vessels  and  the 
heart  had  come  within  the  province  of  the  surgeon,  and  there  Avere  feAv  intra¬ 
vascular  foreign  bodies  Avhich  could  not  be  attaclved  surgically,  and  Avith  safety. 
As  already  stated,  there  Avere  no  deaths  in  the  78  operations  for  the  removal 
of  intravascular  foreign  bodies  performed  at  the  chest  center  at  the  160th 
General  Hospital. 

The  three  cases  of  migratory  intravascular  foreign  bodies  obseiwed  there 
and  just  described  in  detail,  together  Avith  the  cases  recorded  in  the  literature, 
make  clear  the  indications  for  surgery,  Avhich  may  be  stated  as  folloAvs: 

1.  VasGidaT  occlusion. — This  risk  is  Avell  demonstrated  in  the  gangrene 
Avhich  ensued  in  the  lingular  portion  of  the  left  upper  lobe  in  case  8.  The 
pathologic  process  is  interesting;  theoretically,  gangrene  should  not  haA^e  oc¬ 
curred  Avith  a  normal  bronchial  circulation. 

2.  Erosion  and  hemorrhage. — These  did  not  occur  in  this  series. 

3.  Infection. — This  did  not  occur  in  any  of  the  three  cases  described,  but, 
as  Lyle'S  (3)  report  indicates,  it  is  ahvays  a  possibility, 

4.  Emljolism. — This  is  the  overriding  reason  for  surgical  removal  of  the 
object,  for  a  fatality  is  ahvays  possible,  as  a  majority  of  tlie  reported  cases 
indicate,  Avhenever  a  foreign  body  enters  the  blood  vessels. 

Four  technical  points  proved  useful  in  the  management  of  the  cases  of 
migratory  intravascular  foreign  bodies  observed  at  tlie  IGOth  General  Hospital, 
as  Avell  as  in  a  number  of  otlier  operations  on  the  mediastinum : 

1.  Splitting  of  the  sternum  (case  7)  proAuded  good  surgical  exposure. 
The  bone  Avas  carefully  approximated  Avith  Avire  at  the  end  of  the  operation, 
and  the  patient  did  not  suffer  postoperative  pain  or  shock. 

2.  iNIanipulation  of  tlie  missile  from  the  main  right  pulmonary  artery  to 
the  periphery  (case  6)  permitted  surgical  manipulations  in  the  relatively  safe 
peripheral  zone  rather  than  in  the  more  hazardous  hilar  region  of  the  pul¬ 
monary  artery.  This  technique,  Avhich  apparently  had  not  previously  been 
described,  aa^is  certainly  less  formidable  than  opening  the  right  horn  of  the 
pulmonary  artery,  removing  the  missile,  and  then  attempting  local  reconstitu¬ 
tion  of  the  main  branch, 

3.  The  digital  method  of  hemostasis,  Avhich  amounted  to  using  the  fingers 
as  a  tourniquet  (case  8),  proved  both  simple  and  functional. 
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4.  As  soon  as  the  missile  was  encountered,  it  was  fixed  in  position,  so  that 
migration  could  not  occur  during  the  operative  procedure.  The  patient  was 
also  so  positioned  as  to  make  circumstances  unfavorable  for  migration.  The 
importance  of  this  precaution  is  evident  from  the  experience  in  one  of  these 
cases  (case  6). 

One  other  technical  point  miglit  be  made  concerning  the  case  (case  T)  in 
which  incision  of  the  innominate  artery  was  necessary.  This  sort  of  interven¬ 
tion  is  always  undertaken  with  some  misgivings,  since  circulatory  disturbances 
in  the  homolateral  arm,  as  well  as  contralateral  hemiplegia,  are  possible  com¬ 
plications.  These  accidents,  of  course,  were  less  to  be  feared  in  the  age  group 
Avith  which  military  surgeons  had  to  deal.  hTonetheless,  their  possible  occur¬ 
rence  points  to  the  Avisdom  of  restoration  of  Avascular  continuity  of  the  innomi¬ 
nate  artery,  rather  than  ligation,  Avhen  it  must  be  attacked  surgically  as  in 
this  case. 

EXPERIENCES  AT  THE  155TH  GENERAL  HOSPITAL  THORACIC 

SURGERY  CENTER 

Analysis  of  Data 

To  complete  the  picture,  the  World  War  II  experience  of  another  chest 
center,  at  the  155th  General  Hospital,  near  MaUern  Wells,  England,  European 
theater,  is  briefly  summarized.  It  included  the  removal  of  172  objects  from  the 
lungs;  27  from  the  mediastinum;  37  from  the  pleura;  and  19  from  ATirious 
internal  structures,  in  addition  to  63  removed  from  the  deep  structures  of  the 
thoracic  Avail.  Tlie  172  cases  classified  as  pulmonary  included  foreign  bodies 
situated  in  tlie  pai'amediastinal  surface  of  the  lung,  either  abutting  on  the 
mediastinum  or  partly  embedded  in  the  mediastinal  pleura. 

In  four  other  operations,  the  foreign  body  Avas  not  removed.  In  tAvo 
instances,  it  lay  Avithin  the  substance  of  the  lung  at  the  hilus  but  escaped 
detection  because  of  hematoma  formation  and  pulmonary  infiltration.  In  both 
of  these  cases,  the  object  Avas  later  removed  Avithout  difficulty.  In  the  tAvo 
remaining  cases,  the  object  Avas  displaced  at  operation.  In  one  instance,  it  lay 
within  the  pulmonary  artery  on  one  side  and  slipped  into  the  artery  on  tlie 
opposite  side  during  manipulations.  In  the  other  case,  it  lay  in  the  right 
ventricle  and  Avas  displaced  into  the  right  auricle  and  inferior  A^ena  cava. 

xLbout  93  percent  of  the  retained  foreign  bodies  Avere  high  explosive  shell 
fragments.  The  remaining  injuries  AA-ere  caused  by  small  arms  fire. 

Of  the  172  foreign  bodies  in  the  lung,  119  Avere  remoA^ed  by  transpleural 
pneumonotom}^  In  48  cases,  the  free  pleura  Avas  not  entered;  the  operatAe 
pi'ocedure  could  be  carried  out  entirely  Avithin  a  zone  of  adhesions  between 
tlie  lung  and  the  thoracic  parietes.  In  the  remaining  five  cases,  in  Avhich  a 
collection  of  pus  AA^as  encountered  unexpectedly  around  tlie  object  at  operation, 
removal  Avas  transpleural,  and  local  marsupialization  of  the  lung  Avas  per- 
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formed  in  order  to  minimize  the  danger  of  pleural  infection.  This  policy, 
as  already  intimated,  was  successful. 

The  incision,  whenever  practical,  was  placed  directly  over  the  foreign  body 
and  was  always  as  small  as  was  consistent  with  satisfactory  surgical  exposure. 
A.  rib  resection  Avas  neA^er  performed  AAdien  intercostal  incision  and  diAusion  of 
the  rib  AA’ere  adequate.  When  the  object  could  be  remoA-ed  through  adhesions 
which  existed  betAveen  the  lung  and  the  pleura,  postoperatiA^e  pleural  effusion 
did  not  occur,  and  convalescence  Avas  apprecialj>ly  shortened.  The  technique 
employed  in  such  cases  Avas  similar  to  that  used  in  one- stage  drainage  of  an 
abscess  of  the  lung.  Particularly  small  incisions  Avere  required  Avhen  it  Avas 
employed. 

Of  the  27  foreign  bodies  in  the  mediastinum,  7  lay  in  direct  relationship 
Avith  the  esophagus ;  7  Avith  the  pericardium ;  6  with  the  aorta ;  2  each  Avith  the 
azygos  vein  and  the  innominate  artery;  and  3  Avith  the  vena  cava.  Seventeen 
of  the  objects  Avere  removed  transpleural ly  and  ten  by  extrapleural  mediasti- 
notomy,  the  latter  procedure  being  used  exclusiA^ely  Avhen  the  foreign  body  lay 
in  the  anterior  or  posterior  mediastinum. 

The  37  foreign  bodies  classified  as  pleural  either  lay  free  in  the  pleural 
cavity  or  Avere  embedded  superficially  in  the  pulmonary  diaphragmatic  or 
parietal  x:)leura  and  projected  into  the  cavity.  In  many  of  these  cases,  removal 
Avas  possible  through  an  intercostal  incision,  Avithout  the  necessity  for  rib 
resection  or  rib  division. 

The  foreign  bodies  removed  from  the  deep  structures  of  the  thoracic 
Avail  involved  the  peripleural  region,  the  ribs,  the  intercostal  muscles,  and  the 
root  of  the  neck  immediately  adjacent  to  the  dome  of  the  pleura.  Except  for 
four  cases  in  Avhich  the  free  pleura  Avas  inad\^ertently  entered,  all  of  these 
objects  Avere  approached  through  small,  accurately  placed  incisions,  for  Avliich 
careful  preoperatiA^e  roentgenologic  studies  had  seiwed  as  guide. 

In  the  remaining  19  cases,  4  foreign  bodies  Avere  removed  from  the  dia¬ 
phragm,  in  which  they  Avere  completely  embedded ;  3  each  from  the  liver  and 
the  pericardium;  2  each  from  the  pulmonary  artery  and  the  heart;  1  from  the 
subphrenic  space;  and  4  from  the  vertebral  column. 

Posto23erative  management  folloAved  standard  practices.  At  first,  p>enicil- 
lin  Avas  used  intrapleurally  as  Avell  as  parenterally.  Later,  only  the  XDarenteral 
route  Avas  employed,  since  the  intrapleural  route  Avas  thought  to  increase  the 
frequency  and  size  of  i^osto^YeratWe  effusion. 

There  Avere  no  pleural  infections  in  the  318  operations  in  this  series,  255  of 
Avhich  Avere  for  the  remoA^al  of  intrathoracic  foreign  bodies.  The  single  death 
Avas  difficult  to  explain:  A  large  foreign  body,  situated  posteriorly  and  super¬ 
ficially  in  the  lung,  Avas  remoA^ed  through  a  zone  of  visceroparietal  adhesions, 
Avithout  entry  into  the  free  pleura.  Eight  hours  after  operation,  Avhile  the 
patient  was  lying  in  bed  Avatching  a  moving  picture  being  shoAvn  in  the  Avard, 
he  suddenly  lost  consciousness  and  developed  jacksonian  seizures  involving  the 
right  arm  and  right  leg.  Death  occurred  16  hours  later.  At  autopsy,  a  cere- 
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bral  liemoniiage  was  found,  the  precise  etiology  of  which  could  not  be 
determined. 

Comment 

In  general,  indications  for  the  removal  of  retained  foreign  bodies  at  the 
155th  General  Hospital  were  conservative,  a  combination  of  size  (not  less  than 
1  cm.  ill  diameter)  and  symptoms,  of  which  x)ain  was  most  prominent.  Objects 
less  than  1  cm.  in  diameter  were  removed  only  if  they  were  jagged  or  irregular 
or  if  they  were  located  close  to  some  vital  structure  and  there  appeared  to  be 
danger  of  erosion  because  of  mechanical  factors  or  infection. 

As  the  war  progressed  and  the  maximum  permissible  period  of  hospitaliza¬ 
tion  was  progressively  reduced,  certain  patients  who  would  previously  have 
been  operated  on  overseas  were  returned  to  the  Zone  of  Interior  for  surgery. 
Such  cases  included  those  in  which  the  foreign  bodies  were  in,  or  adjacent  to, 
the  heart  and  great  vessels,  as  well  as  those  in  the  upper  abdomen  and  in,  or 
adjacent  to,  the  liver.  Since  most  patients  with  intrapulmonary  and  intra¬ 
pleural  foreig’n  bodies  could  be  returned  to  duty  overseas  within  a  relatively 
short  time,  the  proportion  of  operations  in  these  groups  remained  fairly  sta¬ 
tionary  throughout  the  war.  Otherwise,  operation  was  not  done  overseas  unless 
the  existence  of  suppuration  or  some  other  complication  made  the  procedure 
urgent. 
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OBSERVATIONS  ON  WOUNDS  AND 
DISEASES  OF  THE  CHEST 
IN  THE  ZONE  OF  INTERIOR 


CHAPTER  IX 


Management  of  the  Sequelae  of  Combat- 
Ineurred  Wounds,  Zone  of  Interior 


Brian  B.  Blades,  M.D.,  B.  Noland  Carter,  M.D.,  and  Michael  E,  DeBakey,  M.D. 

STATUS  OF  RETURNING  CASUALTIES 

The  mission  of  thoracic  surgeons  in  Zone  of  Interior  hospitals  as  it  related 
to  combat-incurred  wounds  was  twofold,  (1)  reconstructive  surgery  and  (2) 
rehabilitation  of  the  casualty.  From  the  time  the  casualty  was  wounded,  the 
goal  of  management  was  the  achievement  of  a  completely  healed  wound  and  a 
fully  functioning  and  expanded  lung.  When  these  objectives  had  been  accom¬ 
plished,  the  casualty  was  restored  to  the  physical  state  in  which  he  could  per¬ 
form  the  duties  expected  of  a  soldier  returned  to  duty  or  could  carry  on  as  a 
civilian  discharged  from  the  Army. 

Generally  speaking,  in  all  theaters,  the  status  of  returning  casualties  de¬ 
pended  upon  a  number  of  factors,  including  the  character  of  their  Avounds  and 
the  evacuation  policy  existing  in  the  particular  theater  at  the  particular  time, 
as  Avell  as  upon  the  treatment  they  had  received.  During  the  last  year  of  the 
Avar,  patients  received  in  Zone  of  Interior  hospitals  from  the  Mediterranean  and 
European  Theaters  of  Operations,  U.S.  Army,  had  usually  been  treated  defin- 
itiA^ely  at  thoracic  centers  in  Italy  or  the  United  Kingdom  Base.  Most  of  them 
had  also  had  some  form  of  reconditioning.  By  January  1945,  from  70  to  75 
percent  Avere  surgically  Avell  Avhen  they  reached  the  Zone  of  Interior.  They 
Avere  aa’cII  nourished  and  in  excellent  general  condition.  This  had  not  been  true 
of  thoracic  casualties  received  in  the  first  months  of  the  Avar  from  the  North 
African  Theater  of  Operations,  U.S.  Army,  or  for  the  first  month  or  tAvo  of 
the  campaign  in  Western  Europe. 

With  feAv  exceptions,  casualties  received  from  the  Pacific  Ocean  areas  Avere 
never  in  as  good  condition  as  those  received  from  other  theaters.  Their  state 
of  nutrition  and  their  general  physical  status  Avere  usually  considerably  beloAV 
the  level  of  similar  casualties  received  from  the  Mediterranean  and  European 
theaters,  and  until  the  end  of  the  Avar  they  presented  a  relatively  high  incidence 
of  hemothoracic  empyema  and  other  complications.  For  this  state  of  affairs, 
there  Avere  three  obAdous  explanations : 

1.  The  environmental  differences  betAveen  the  theaters  (terrain,  heat,  dis¬ 
ease,  insects,  fungous  infections,  and  so  forth. 
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2.  The  longer  timelag  before  initial  wound  surgery,  which  was  frequently 
inevitable  in  the  Pacific  for  logistic  reasons. 

3.  The  almost  complete  lack  of  experienced  thoracic  surgeons  in  all  Pacific 
Ocean  areas. 

Casualties  who  required  further  treatment  on  their  arrival  in  the  Zone  of 
Interior  included  those  with  chronic  hemothorax  or  hemothoracic  empjTma; 
retained  foreign  bodies;  bronchopleural  fistulas;  and  various  defects  of  the 
chest  wall,  including  chronic  draining  sinuses.  Those  avIio  required  no  further 
treatment  either  Avere  ready  for  duty  after  eA"aluation  of  their  general  physical 
and  thoracic  status  or  Avere  at  the  stage  of  recovery  at  Avhich  disposition  Avould 
be  possible  after  2  or  3  months  of  reconditioning.  Some  returned  casualties 
had  recovered  from  their  chest  injuries  but  had  associated  injuries,  chiefly  pe¬ 
ripheral  neiwe  or  bone  injuries,  which  preATuted  their  return  to  duty. 

Disposition. — Many  casualties  Avho  Avere  returned  to  the  Zone  of  Interior 
could  have  been  sent  back  to  duty  overseas  except  for  the  time  limits  imposed 
on  their  coiwalescence  by  theater  holding  policies.  Had  the  Avar  lasted  longer, 
there  is  no  doubt  that  many  others  Avho  Avere  evacuated  to  the  United  States 
Avould  have  been  kept  in  combat  zones  and  returned  to  full  duty.  An  attitude 
of  extreme  caution  concerning  these  casualties  Avas  adopted  early  in  the  Avar  for 
seA’eral  reasons:  The  initial  seA^erity  of  many  Avounds;  the  recollection  of  the 
poor  physical  and  thoracic  status  of  so  many  thoracic  casualties  in  World  War 
I;  and  lack  of  experience  Avith  casualties  managed  under  ncAv  policies,  AAdiich 
made  medical  officers  uncertain  about  their  ability  to  resume  full  military  duty. 

This  attitude  AA^as  apparent  in  the  Zone  of  Interior  as  Avell  as  in  oA^ersea 
hospitals.  In  October  1943,  Maj.  (later  Col.)  Brian  Blades,  MC,  head  of 
the  thoracic  surgery  service  at  Walter  Reed  General  Hospital,  Washington, 
D.C.,  Avrote  to  Lt.  Col.  (later  Col.)  B.  Noland  Carter,  MC,  Chief,  Surgery 
Branch,  Surgical  Consultants  DiAusion,  Office  of  The  Surgeon  General,  that 
the  disposition  of  soldiers  aaRo  had  undergone  lobectomy  Avas  creating  some 
difficulty.  More  than  50  such  operations  had  been  2:)erformed  at  Walter  Reed 
General  Hospital  during  the  past  year,  and  about  half  of  the  patients  had  al¬ 
ready  been  returned  to  duty.  It  Avas  anticipated  that  many  of  the  others  Avould 
soon  be  ready  for  disposition.  Yet,  in  spite  of  the  excellent  results  secured,  dis¬ 
position  boards  seemed  to  haA^e  a  great  deal  of  hesitancy  in  returning  to  duty 
men  Avho  had  had  any  sort  of  chest  Avound  or  disease,  and  line  officers  had  a 
corresponding  liesitancy  in  accepting  them  for  service.  The  attitude  greAA’ 
more  liberal  as  the  Avar  progressed,  but  the  original  hesitancy  concerning  these 
patients  ueA^er  entirely  disappeared. 


CLINICAL  CONSIDERATIONS 

The  management  of  the  sequelae  and  residua  of  chest  injuries  observed 
in  Zone  of  Interior  hospitals  Avas  conducted  on  the  same  general  principles 
and  practices  as  in  oversea  hospitals.  For  that  reason,  and  to  maintain  con- 
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tinuity,  most  complications  have  been  discussed  in  detail  under  special  head¬ 
ings,  including : 

Hemothorax  (p.  237). 

riemothoracic  empyema  (p.  272). 

Retained  foreign  bodies  (pp.  325  and  353). 

Bronchopleural  fistulas  (p.  169). 

Chest  wall  defects  (p.  181). 

Hrniniug  sinuses  of  tlie  chest  wall  (p.  180). 

Lung  abscess  (p.  175). 

Hernia  of  the  lung  (p.  197) . 

Diaphragmatic  hernia  (p.  186). 

Traumatic  osteomyelitis  (p.  179). 

Only  a  few  of  these  conditions  need  any  further  discussion  from  the  stand¬ 
point  of  their  management  in  Zone  of  Interior  hospitals. 

ORGANIZING  HEMOTHORAX 

As  a  rule,  more  than  8  weeks  had  elapsed  between  their  wounding  and 
the  reception  of  thoracic  casualties  in  Zone  of  Interior  hospitals.  ]\Iost  hemo- 
thoraces  that  had  been  correctly  treated  originally  therefore  needed  little  or 
no  attention  on  their  arrival.  Figures  from  the  chest  center  at  the  Walter 
Reed  General  Hospital  are  typical :  Of  the  first  107  casualties  with  hemothorax 
received,  77  were  in  satisfactory  condition,  and  in  24  of  the  remaining  30 
patients,  the  lung  reexpanded  satisfactorily  after  continued  aspiration.  This 
is  an  unusually  high  percentage  of  good  results  from  conservative  treatment 
after  such  a  timelag. 

In  the  six  remaining  cases,  however,  an  extensive  organizing  process  had 
occurred,  and  four  of  them  furnish  interesting  lessons  concerning  the  proper 
management  of  hemothorax.  All  four  wounds  had  been  caused  by  rifle  or 
machinegun  bullets.  All  wounds  were  relatively  minor  as  compared  with  most 
of  tlie  wounds  in  the  other  103  cases  in  the  series,  in  all  of  which  recovery 
was  without  complications.  None  of  the  four  wounds  had  originally  been 
of  the  sucking  type.  In  no  instance  was  the  lung  damage  extensive.  No 
patient  had  a  history  of  hemoptysis.  In  every  instance,  however,  aspiration 
of  the  chest  had  been  delayed,  apparently  because  the  primary  wound  was  not 
severe  and  because  respirations  were  not  immediately  embarrassed.  A  single 
case  history  will  serve  as  an  illustration  for  them  all : 

Case  1. — Tliis  patient,  wlio  had  sustained  a  niaehinegim  wound,  had  his  first  aspira¬ 
tion  10  days  after  injury.  The  procedure  was  repeated  several  times,  but  the  largest 
amount  of  blood  obtained  at  any  aspiration  was  180  centimeters.  About  30  cc.  of  air  was 
injected  into  the  chest  each  time  blood  was  removed. 

When  this  patient  was  received  at  Walter  Reed  General  Hospital  several  weeks  after 
wounding,  he  was  having  daily  low-grade  temperature  elevations.  He  was  extremely 
emaciated.  The  left  chest  was  flattened,  and  the  expiratory  excursion  on  this  side  was 
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greatly  limited.  Thoracentesis  yielded  only  a  few  cubic  centimeters  of  dark,  bloody  fluid. 
It  was  necessary  to  open  the  chest,  evacuate  the  organized  clot,  and  decorticate  the  lung. 

Comment. — If  this  man  had  been  treated  originally  by  simple  a.spiration  of  the  chest 
soon  after  wounding,  he  would  probably  have  been  saved  weeks  of  invalidism  and  a 
second  operation. 

Policies  of  Management 

Organizino*  hemothorax  encountered  in  Zone  of  Interior  liospitals  was 
treated  by  exploratory  thoracotomy.  An  overlying  rib  was  resected,  the 
cavity  was  widely  opened  by  means  of  a  rib  spreader,  and  fluid  and  organized 
clots  were  evacuated.  If  careful  inspection  showed  no  need  for  further  surgery, 
the  chest  Avas  closed  at  once.  If  it  shoAved  that  the  lung  could  not  reexpand 
because  of  the  pathologic  process  present,  decortication  Avas  performed. 

Case  2} — A  commander  of  a  tank  company,  wounded  in  action  on  12  July  1944,  sus¬ 
tained  a  penetrating  shell-fragment  wound  of  the  left  chest  with  a  fracture  of  the  eighth 
rib.  Treatment  OA^erseas  consisted  of  debridement  and  closure  of  the  wound  on  the  day 
of  injury,  supplemented  by  two  later  thoracenteses.  AVhen  the  patient  arrived  at  Halloran 
General  Hospital,  Staten  Island,  N.Y.,  on  1  September  1944,  roentgenograms  of  the  chest 
(fig.  184A)  showed  an  encapsulated  hemothorax  on  the  left  side  and  a  shell  fragment  over- 
lying  the  seventh  intercostal  space  near  the  vertebral  column.  Thoracotomy,  performed  on 
oO  October,  reA’ealed  a  cavity  containing  150  cc.  of  old  blood  clot  and  a  rigid  fibrous  mem¬ 
brane  covering  the  adjacent  portion  of  the  lung.  The  blood  clot  Avas  evacuated  and  the 
limiting  membrane  remoAmd,  after  Avhich  the  lung  Avas  reexpanded.  Closure  AA^as  effected 
Avithout  drainage.  Removal  of  the  shell  fragment  Avas  not  attempted.  The  lung  Avas 
completely  reexpanded  on  the  15th  postoperative  day  (fig.  1S4B),  and  the  thoracotomy 
AA'ound  Avas  completely  healed  at  this  time  (fig.  1S4C). 

Comment, — This  case  history  illustrates  the  successful  management  of  a  small  chronic 
hemothorax  by  decortication.  The  rigid  limiting  membrane  revealed  at  thoracotomy 
contraindicated  any  other  procedure. 

Case  3. — This  soldier  sustained  a  perforating  Avound  of  the  chest  on  29  March  1945; 
the  shell  fragment  lodged  in  the  soft  tis.sues  of  the  back,  at  the  level  of  the  second  lumbar 
vertebra.  Xo  immediate  effort  Avas  made  to  aspirate  the  complicating  hemothorax,  AA^hen 
the  patient  reached  Halloran  General  Hospital  almost  3  months  later,  examination  shoAA’ed 
contraction  and  marked  limitation  of  motion  on  the  right  side  of  the  chest.  Roentgeno¬ 
grams  shoAved  an  encapsulated  hemopneumothorax  in  the  right  axilla. 

Because  of  an  attack  of  malaria,  the  patient  could  not  be  operated  on  until  21  July 
1945.  At  this  time,  exploration  revealed  a  cavity  of  approximately  300-cc.  volume,  and  a 
rigid  fibrous  membrane  overlying  the  lung.  The  membrane  was  excised  and  the  AVOund 
closed  Avithout  drainage  after  the  lung  had  been  inflated.  The  postoperatiA^e  course  AA^as 
complicated  by  a  second  hemothorax,  AAdiich  could  not  be  controlled  by  aspiration  because 
the  blood  clotted  so  rapidly.  A  second  decortication  Avas  therefore  performed  on  13  August, 
after  the  blood  clot  had  been  evacuated.  The  Avound  Avas  closed  temporarily  Avith  a  silk 
and  gauze  tampon,  AAdiicli  Avas  left  in  place  for  7  days.  The  cavity  finally  closed  on 
1  December  1945. 

Comment, — The  first  operation  on  this  casualty  Avas  unsuccessful  because  the  blood 
that  had  accumulated  in  the  pleura  had  clotted  and  could  not  be  removed  by  aspiration. 
This  is  a  complication  that  is  alAAvays  a  risk  after  pulmonary  decortication.  AATien  post- 


^  This  history  and  the  snbseQiient  case  histories  in  this  chapter  concern  patients  observed  by 
Maj.  Richmond  L.  Moore,  MC,  at  Halloran  General  Hospital. 
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Figtjke  184  (case  2). — Encapsulated  hemothorax  managed  by  de¬ 
cortication.  A.  Posteroanterior  roentgenogram  of  chest  showing  en¬ 
capsulated  hemothorax  on  left  and  metallic  fragment  in  seventh  left 
intercostal  space  near  vertebral  column.  B.  Same,  15  days  after 
evacuation  of  clot  and  decortication  of  lung.  Note  that  lung  is  com¬ 
pletely  reexpanded.  C.  Photograph  of  patient  on  15th  postoxDerative 
day,  showing  primary  healing  of  wound. 


operative  oozing  was  profuse  and  difficult  to  control,  as  it  was  in  this  case,  it  was  safer 
to  establish  and  maintain  some  form  of  closed  drainage  until  the  lung  had  reexpanded  and 
the  pleural  space  was  closed. 

Case  4. — A  large  encapsulated  hemothorax  on  the  right,  with  areas  of  calcification  in 
the  thickened  membrane  on  the  surface  of  the  lung  (fig.  185),  was  an  unexpected  finding 
in  a  soldier  who  was  evacuated  from  the  Aleutian  Islands  in  the  spring  of  1944.  He  had 
no  history  of  a  combat  injury  to  his  chest,  but  he  stated  that  in  August  1941  he  had  been 
knocked  down  by  an  automobile.  No  roentgenograms  of  the  chest  were  taken  at  that  time. 
Operation  was  recommended  and  refused. 


Figure  1S5  (case  4). — Traumatic  liemotliorax,  A.  Posteroaiiterior 
roentgenogram  of  chest  showing  large  encapsulated  hemothorax  on 
right  side.  Note  areas  of  calcification  in  thickened  membrane  on  pul¬ 
monary  surface.  B.  Lateral  roentgenogram  showing  same  findings. 


HEMOTHORACIC  EMPYEMA 

Empyema,  most  often  originating  in  an  earlier  hemothorax,  was  the  most 
frecpient  complication  of  wounds  of  the  chest  observed  in  Zone  of  Interior 
cliest  centers.  It  decreased  in  freqnenc}-  as  the  war  progressed,  and  it  also 
decreased  in  seriousness,  at  least  in  casualties  received  from  the  Mediterranean 
theater  and  the  European  theater.  The  circumstances  of  the  Pacific  Ocean 
areas,  as  already  pointed  out,  were  different  and  much  more  difficult.  jSTo  matter 
from  what  theater  they  were  received,  however,  few  patients  reflected  the 
effects  of  the  chronic  sepsis  and  general  debilitation  so  typical  of  similar 
patients  in  World  War  I. 

Early  in  the  war,  there  were  many  errors  in  the  management  of  patients 
with  empyema,  including  the  basic  eiror,  failure  to  treat  hemothorax  by  fre¬ 
quent  and  vigorous  aspiration.  In  a  feAv  instances,  initial  surgery  had  been 
ultra  conservative,  and  revision  of  the  thoracotonw  Avas  necessary  to  provide 
adequate  drainage.  In  most  instances,  simple  reAUsion,  combined  Avith  int ensure 
physiotherapy,  Avas  sufficient,  and  complete  obliteration  of  the  caAuty  resulted. 
If  additional  surgeiy  Avas  iiecessaiy,  the  patient’s  general  condition  Avas  in- 
A^ariably  greatly  benefited  by  the  preliminary  revision. 

Also  early  in  the  Avar,  an  occasional  patient  Avas  received  Avith  closed  inter¬ 
costal  drainage  in  effect.  This  technique  created  serious  problems  during 
transportation,  and  drainage  Avas  neA^er  satsfactory.  Later,  practically  all 
surgeons  OA^erseas  al:»andoned  this  method  and  treated  empyema  by  dependent 
open  drainage. 
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Still  another  error  observed  early  in  the  war  was  the  placement  of  the 
drainag-e  incision.  In  October  1943,  Maj.  (later  Lt.  Col.)  William  F.  Hoyt, 
MC,  reported  from  the  chest  center  at  Hammond  General  Hospital,  Modesto, 
Calif.,  that  almost  all  the  patients  with  empyema  received  there  from  overseas 
had  been  drained  anteriorly  and  their  empyemas  had  become  chronic.  Major 
Blades,  transmitting  this  information  to  Colonel  Carter,  stated  that  the  same 
error  was  being  observed  in  casualties  received  at  the  Walter  Heed  General 
Hospital  chest  center.  Eeoperation  was  necessary  in  all  such  cases  to  establish 
adequate  drainage. 

The  following  case  history  illustrates  initial  errors  of  management  that 
led  to  chronic  empyema: 

Case  5.— This  24-year-ol(l  soldier  was  struck  by  a  maohinegun  bullet  on  22  September 
1944.  The  bullet  entered  the  left  chest  posteriorly,  between  the  scapula  and  spine,  and 
emerged  anteriorly  in  the  midclavicular  line,  about  2  inches  below  the  clavicle.  The  lung 
was  lacerated  and  the  posterior  portion  of  the  fourth  rib  and  the  anterior  portions  of  the 
second  and  third  ribs  were  shattered.  Both  wounds  were  sutured  about  80  minutes  after 
injury.  The  next  day,  both  wounds  were  reopened  and  debrided,  and  the  lung  was  sutured. 
Both  wounds  were  then  closed.  After  this  procedure,  the  anterior  wound  became  badly 
infected  and  a  left  empyema  developed. 

When  the  patient  was  admitted  to  Halloran  General  Hospital  on  27  December  1944, 
he  had  lost  38  pounds  (fig.  186).  The  left  chest  was  contracted  and  fixed.  The  anterior 
wound  was  still  draining,  and  the  opening  in  the  chest  wall  was  large  enough  to  show  a 
large  defect  in  the  lung  'with  multiple  fistulas.  A  drainage  tube  entered  a  residual  empyema 
at  the  site  of  a  previous  rib  resection. 

This  casualty  was  transferred  to  another  hospital  for  definitive  treatment,  and  his 
subsequent  course  is  not  known. 

Decortication 

Generally  speaking,  if  a  well-drained  empyema  cavity  showed  no  reduc¬ 
tion  in  volume  after  a  period  of  6  weeks,  the  patient  was  regarded  as  a 
candidate  for  surgical  intervention.  The  only  reliable  way  of  determining 
the  volume  of  the  cavity  was  by  its  accurate  measurement  with  injected  fluid. 
This  test  was  omitted  only  if  the  patient  also  had  a  bronchial  fistula. 

In  the  Mediterranean  theater,  where  the  operation  was  introduced  in 
World  War  II,  the  optimum  time  for  decortication  for  empyema  was  con¬ 
sidered  to  be  within  a  range  of  3  to  6  weeks  after  wounding  (p.  286).  When 
patients  with  empyema  were  received  in  Zone  of  Interior  hospitals,  their  infec¬ 
tions  had  practically  always  become  chronic,  and  the  optimum  time  for  decorti¬ 
cation  had  long  since  passed.  As  a  matter  of  necessity,  the  time  was  extended, 
and  the  results  Avere  remarkably  good. 

In  1945,  for  instance,  67  delayed  decortications  Avere  performed  for  orga¬ 
nizing  hemothorax  or  chronic  empyema  at  the  chest  center  at  Fitzsimons  Gen¬ 
eral  Hospital,  DenAnr,  Colo.,  Avith  complete  restoration  of  a  functioning  lung 
in  every  instance ;  in  some  cases,  the  preoperative  pulmonary  function  on  the 
affected  side  had  been  as  little  as  10  percent  of  the  normal.  This  operation, 
hoAvever,  Avhen  it  Avas  delayed,  Avas  not  the  universal  ansAver  to  the  problem, 
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Figure  ISO  (case  5). — Hemotlioracic  empyema  managed  by  anterior 
drainage.  A.  Lateral  view  of  casualty  witli  wound  of  left  chest  4  months 
after  wounding,  showing  extreme  degree  of  malnutrition,  with  contrac¬ 
tion  of  left  chest.  The  anterior  wound  below  the  left  clavicle  is  the  point 
of  exit  of  the  bullet.  The  wound  in  the  axilla  is  the  site  of  the  rib  resec¬ 
tion  performed  3i/>  months  earlier ;  it  leads  into  the  dependent  portion  of 
the  emiiyema  cavity.  B.  Posterior  view  showing  wound  in  left  scapular 
region  which  is  point  of  entrance  of  bullet.  This  wound  was  completely 
healed  3  months  after  wounding.  Note  the  scoliosis  secondary  to  the 
contraction  and  fixation  of  the  left  chest. 


as  is  shown  by  the  fact  that  at  this  center,  over  the  same  i^eriod,  51  patients 
with  chronic  empyema  required  some  type  of  thoracoplasty. 

When  decortication  was  performed  weeks  and  months  after  wounding,  it 
was  frequently  difEcult  to  separate  the  greatly  thickened  fibrous  membrane 
from  the  visceral  parietes.  Some  modifications  of  the  standard  technique  were 
therefore  introduced.  At  Brooke  General  Hospital,  San  Antonio,  Tex.,  the 
practice  was  to  separate  the  membrane  from  the  parietal  surface  as  the  first 
step  of  the  operation.  The  thickened  endothoracic  fascia  was  dissected  down 
to  the  line  of  reflection  from  the  parietal  to  the  visceral  surface.  Once  this 
line  was  crossed,  the  adhesions  were  filmy  and  readily  separated.  The  peel 
was  then  freed  from  the  apex  to  the  diaphragm  and  anteriorly.  After  this 
part  of  the  operation  had  been  completed,  the  lung  Avas  reexpanded  under 
positive  pressure,  and  separation  from  the  visceral  pleura  Avas  accomplished 
by  sharp  dissection. 

Patients  Avho  had  undergone  decortication  OA^erseas  AAm’e  usually  in  good 
condition  when  they  reached  the  Zone  of  Interior.  If  there  Avas  any  residual, 
it  was  usually  no  more  than  a  small  basal  empyema,  readily  corrected  by 
oj)en  drainage. 
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Other  Procedures 

If  delayed  decortication  could  not  be  carried  out  without  too  great  risk 
of  damage  to  pulmonary  tissue,  other  procedures  had  to  be  emplo^Td.  Internal 
pneumonolysis  was  frequently  used  at  the  chest  center  at  the  Walter  Reed 
General  Hospital.  The  operation  began  with  resection  of  a  rib,  followed  by 
wide  exposure  of  the  entire  empyema  cavity,  as  in  decortication.  If  inspection 
showed  that  decortication  was  not  practical,  the  fibroblastic  membrane  was 
incised  around  the  peripheiy  of  the  empyema  cavity.  Then  the  incision  was 
carried  through  the  membrane  at  the  juncture  of  the  parietal  and  visceral 
portions.  The  visceral  portion  was  left  adherent  to  the  underlying  lung,  which 
was  cautiously  freed  from  the  involved  portion  of  the  chest,  preferabh"  by 
blunt  dissection  with  the  gloved  fingertip  or  Avith  a  dissecting  sponge.  After 
the  lung  had  been  freed,  it  was  reexpanded  by  positive  pressure  (not  more 
than  10  cm.  H2O).  As  a  rule,  the  empyema  cavity  Avas  promptly  obliterated 
by  this  maneuAW.  Closure  was  accomplished  as  in  decortication.  This  opera¬ 
tion,  AAdiich  is  not  a  deforming  procedure,  frequently  obviated  the  necessity  for 
thoracoplasty,  AAdiich  is  a  deforming  procedure. 

Physical  Therapy 

A  competent  physiotherapist,  with  special  training  in  the  problems  of 
chest  conditions,  was  of  great  help  in  the  accomplishment  of  maximum  re- 
expansion  of  the  lung  and  in  overcoming  the  chest  Avail  deformities  commonly 
seen  in  chronic  empyema  and  other  chest  conditions  (vol.  I) . 

RETAINED  FOREIGN  BODIES 

It  is  unfortunate  that  the  Foreign  Body  Registry,  proposed  in  the  1944-45 
report  of  the  Surgical  Consultants  Division,  Office  of  The  Surgeon  General, 
Avas  not  instituted,  so  that  permanent  records  could  have  been  kept  on  casualties 
with  foreign  bodies  left  in  situ.  The  presumed  innocuousness  of  these  objects 
could  then  have  been  established  or  disproved.  The  extremely  valuable 
folio Avup  information  secured  by  the  Peripheral  Nerve  Registiw  illustrates 
what  a  similar  project  might  have  accomplished  in  thoracic  injuries. 

Indications  for  Removal 

The  indications  for  removal  of  foreign  bodies  in  Zone  of  Interior  hospitals 
Avere  essentially  the  same  as  in  oversea  hospitals.  They  included  their  size, 
their  shape  (irregularity),  the  symptoms  and  signs  referable  to  them,  and 
psychosomatic  indications. 

Hemoptysis  Avas  infrequent.  It  was  observed  only  twice  at  the  Walter 
Reed  General  Hospital  chest  center  and  Avas  equally  uncommon  at  other  chest 
centers.  Pain,  AAdiich  Avas  the  most  frequent  symptom,  was  often  difficult  to 
evaluate.  If  the  object  Avas  jicripheral  and  lay  on  either  the  pleural  or  the 
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diaphragmatic  surface,  there  was  little  doubt  that  it  was  responsible  for  the 
complaint,  and  its  removal  was  advised.  Retained  missiles  were  removed  in 
a  considerable  number  of  instances,  hoAvever,  in  wliicli  there  Avas  genuine  doubt 
as  to  the  relation  betAAxen  their  presence  and  the  patient’s  complaint  of  pain, 
tliough  there  Avas  no  doubt  at  all  that  until  psychosomatic  difficulties  Avere 
thus  ended,  these  men  Avould  not  again  be  useful  soldiers. 

The  attitude  in  Zone  of  Interior  hospitals  toAvard  retained  foreign  bodies 
Avas,  in  general,  extremely  conservative.  Of  the  first  30  casualties  in  this  cate- 
goiy  received  at  the  Walter  Reed  General  Hospital  chest  center,  16  Avere 
operated  on,  12  because  of  the  size  of  the  objects  or  because  of  clear-cut  eAudence 
of  their  responsibility  for  signs  and  symptoms,  and  4  for  psychosomatic 
reasons.  The  proportion  at  other  centers  Avas  about  the  same.  At  Fitzsimons 
General  Hospital,  for  instance,  only  68  foreign  bodies  Avere  remoA^ed  from  the 
lung  during  the  entire  period  of  its  operation;  these  Avere  chiefly  high  explosh^e 
shell  fragments.  In  19  other  cases,  foreign  bodies  Avere  remoA^ed  from  the 
chest  Avail. 

Localization  Techniques 

In  addition  to  routine  techniques  of  localization  (p.  332),  certain  adjunct 
techniques  Avere  used  at  the  Aaxrious  chest  centers.  All  of  the  centers  found 
the  Berman  locator  of  much  supplemental  value  Avhen  foreign  bodies  Avere 
deeply  embedded  in  the  parenchyma  of  the  lung  or  in  the  mediastinum.  It 
could  be  used  to  explore  au}^  cavity  that  could  be  entered  surgically.  A  con¬ 
stant  Aubratory  sound  Avas  heard  Avhen  the  tip  of  the  probe  approached,  or  came 
into  contact  Avith,  a  retained  magnetic  object,  the  A'olume  Anuying  directly  Avith 
the  distance  betAveen  the  object  and  the  probe. 

Some  surgeons  employed  a  Ausual-radiopaque  technique.  A  feAv  cubic 
centimeters  of  methylene  blue  or  gentian  Auolet  Avere  mixed  Avith  Lipiodol  and 
injected  into  the  chest  Avail  at  the  point  at  Avhicli  the  object  Avas  nearest  to  the 
surface.  Routine  roentgenograms  Avere  then  taken. 

The  angiocardiographic  technique  employed  at  the  Walter  Reed  General 
Hospital  chest  center  Avas  devised  by  Lt.  Col.  George  P.  Robb,  MC,  chief  of 
the  cardioA'ascular  section.  This  technique,  AAdxich  Avas  used  for  the  accurate 
localization  of  foreign  bodies  in  intimate  contact  Avith  A  essels  in  the  medias¬ 
tinum,  Avas  carried  out  in  three  steps : 

1.  The  circulation  time  from  the  arm  to  the  tongue  Avas  determined  by 
the  injection  of  a  solution  of  Decholin  (dehydrocholic  acid)  and  the  accurate 
measurement,  by  a  stopAvatch,  of  the  lapsed  time  betAveen  the  injection  and  the 
jxatient’s  report  of  a  bitter  taste. 

2.  The  lapsed  time  Avas  determined  betAveen  the  injection  of  a  solution  of 
ether  into  the  arm  and  its  detection  on  the  patient’s  breath. 

3.  After  these  time  factors  had  been  determined,  the  patient  Avas  positioned 
betAveen  a  stereoscopic  cassette,  and  angiocardiograms  Avere  obtained  after  the 
intraAxnous  injection  of  a  concentrated  solution  of  Diodrast  (iodopyracet) . 
This  radiopaque  agent,  instead  of  disseminating  immediately  in  the  vascular 
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Figure  1ST  (case  6). — Retained  foreign  body  witli  delayed  manifesta¬ 
tions  dne  to  infection.  A.  Patient  on  admission  to  Halloran  General 
Hospital  14  montlis  after  wounding.  Scar  shows  point  of  entrance  of 
bullet.  B.  Left  anterior  oblique  roentgenogram  showing  bullet  in  right 
chest  opposite  tenth  intercostal  space.  C.  Lateral  roentgenogram  showing 
bullet  situated  posteriorly  just  above  dome  of  diaphragm. 


system,  forms  a  bolus  which  can  be  followed  from  the  point  of  injection  through 
the  cardiovascular  system  until  it  is  broken  up  in  the  peripheral  vessels.  By 
evaluation  of  the  piwiously  determined  circulation  time,  the  approximate  time 
of  opacification  of  the  intra thoracic  cardiovascular  system  could  be  determined. 
Separate  roentgenograms  were  made  showing  contrast  filling  of  the  right 
ventricle  and  pulmonary  arterial  tree,  the  left  ventricle  and  aorta,  the  right 
auricle  and  superior  vena  cava,  and  the  left  auricle  and  pulmonary  veins.  With 
this  information,  which  was  usually  remarkably  precise,  it  Avas  often  possible 
to  determine  almost  exactly  the  location  of  mediastinal  foreign  bodies  in 
relation  to  the  cardiovascular  system  in  the  mediastinum. 

Case  Reports 

Case  6. — A  21-year-old  soldier,  struck  in  the  right  chest  by  a  machinegun  bullet  on  28 
July  1943,  made  an  uneventful  recovery.  The  wound  healed  satisfactorily,  and  a  compli¬ 
cating  hemothorax  cleared  without  aspiration.  He  had  no  symi:)tonis  referable  to  his 
chest  until  June  1944,  when  he  coughed  up  a  small  amount  of  bright  red  blood.  Another 
hemoptysis  occurred  in  September.  When  the  patient  was  admitted  to  Halloran  General 
Hospital  shortly  after  the  second  hemoptysis,  he  was  in  good  general  condition  (fig.  187A). 

746-941'— G5 - -20 
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Figure  188  (case  7). — Retained  foreign  body  AAdthont  symptoms.  A.  Postero- 
anterior  roentgenogram  of  chest  10  weeks  after  AA^onnding,  sliOAving  large  metal¬ 
lic  fragment  in  left  chest  at  level  of  tenth  dorsal  vertebra.  Another  smaller 
fragment  is  seen  outside  the  chest  cavity  in  the  axillary  tissues.  B.  Lateral 
roentgenogram  taken  at  the  same  time,  showing  the  posterior  location  of  the 
larger  fragment. 


Roentgenograms  (fig.  1S7B  and  C)  showed  a  .2r)-caliber  ballet  situated  posteriorly  on  the 
right  side,  at  the  level  of  the  tenth  intercostal  space.  Roentgenograms  made  after  the 
instillation  of  Lipiodol  showed  no  evidence  of  bronchiectasis. 

The  ballet  was  removed  on  13  October  1914.  The  space  which  it  occained,  which  com¬ 
municated  freely  with  the  bronchial  tree,  contained  a  sinali  amount  of  necrotic  material, 
culture  of  which  reA'ealed  hemolytic  Staphylococcus  aureus.  Convalescence  was  satisfac¬ 
tory  except  for  a  small  empyema,  which  healed  rapidly  after  resection  and  drainage. 

Comment.- — ^As  this  case  demonstrates,  a  foreign  body  may  be  embedded  in  the  lung 
for  many  months  before  it  causes  symptoms.  The  patient's  history  suggests  that  the 
hemoptyses  which  finally  occurred  were  secondary  to  the  staphylococcic  infection. 

Case  7. — lliis  soldier  receh^ed  multiple  penetrating  Avounds  of  the  left  chest  on  28 
July  1944.  On  30  July,  all  AAmunds  AA-ere  debrided  and  scA'eral  readily  accessible  foreign 
bodies  Avere  removed.  When  he  arrived  at  Halloraii  General  Hospital  on  9  October,  he  Avas 
pale  and  Aveak  and  shoAved  evidence  of  considerable  Aveight  loss.  The  temperature  Avas 
103 °P.,  the  pulse  120,  and  the  respirations  SO.  The  red  blood  cell  count  Avas  2,270,000  per 
cu.  mm.  and  the  AAdiite  blood  cell  count  3,900  per  cubic  millimeters.  The  hemoglobin 
(Salili)  AAms  7.5  gm.  percent.  Roentgenograms  of  the  chest  (fig.  ISS)  showed  a  metallic 
fragment,  about  2  by  3  cm.,  in  the  posterior  portion  of  the  left  lung  at  the  level  of  the 
tenth  dorsal  Am-tebra. 

Treatment  consisted  of  penicillin,  repeated  blood  transfusions,  and  vitamin  therapy.  A 
subcutaneous  abscess  in  the  left  scapular  region  was  drained  on  19  October  1944,  and  3 
pieces  of  Avoolen  shirt  were  eA^acuated  with  25  cc.  of  purulent  fluid.  Culture  of  the  exudate 
shoAved  Bacillus  coll  and  nonhemolytic  Staph,  aureus.  After  drainage  of  the  abscess,  the 
temperature  quickly  fell  to  normal,  and  convalescence  Avas  satisfactory  except  for  an  attack 
of  malaria,  AAdiich  responded  Avell  to  Atabrine  (quinacrine  hydrochloride).  By  the  middle 
of  November,  the  patient  had  gained  19  pounds,  and  his  red  blood  cells  had  risen  to  4,870,000 
per  cubic  millimeters.  The  time  was  considered  optimum  for  removal  of  the  fragment  from 
the  left  lung,  but  since  he  had  noAV  become  transportable,  he  had  to  be  reported  to  the 
hospital  registrar  for  transfer  to  another  institution  for  definitive  care. 
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Figure  180  (case  8)  .—Retained  foreign  body  \YitlK)Ut  clinical  manifes¬ 
tations.  A.  Posteroanterior  roentgenogram  about  montlis  after 

wounding,  showing  metallic  shell  fragment  in  right  upper  lung  field.  E. 
Photograph  taken  at  operation  4  months  later.  The  shell  fragment  can 
be  seen  deeply  embedded  in  the  lung.  C.  Photograph  of  patient  10  days 
after  operation,  showing  surgical  wound  over  second  right  interspace. 


Comment. — This  case  is  an  example  of  the  retention  of  a  metallic  foreign  body  in  the 
lung  for  many  months  without  symptoms.  It  also  shows  the  ineffectiveness  of  penicillin 
in  controlling  a  suppurative  process  associated  with  tissue  damage  and  retained  foreign 
material  when  the  causative  organism  is  not  susceptible  to  it.  In  this  case,  it  was  the 
fragments  of  cloth,  and  not  the  metallic  foreign  body,  that  were  responsible  for  the  infection. 

Case  8.— This  patient,  when  struck  by  a  shell  fragment  on  7  November  1944,  sustained  a 
penetrating  wound  in  the  right  supraclavicular  region.  Recovery  was  rapid,  and  there  were 
no  complaints  referable  to  the  chest.  When  he  reached  Halloran  General  Hospital,  in  May 
1945,  he  was  in  excellent  condition  and  had  no  complaints.  Roentgenograms  of  the  chest 
(fig.  189A)  showed  a  shell  fragment  in  the  right  upper  lobe  of  the  lung  and  a  healed  frac¬ 
ture  of  the  right  second  rib.  The  fragment  was  removed  in  September  1945  (fig.  189B). 
Cultures  taken  from  the  cavity  which  it  occupied  revealed  nonhemolytic  Streptococcus  and 
nonhemolytic  Statili.  aureus.  Penicillin  was  given  postoperatively.  Healing  was  unevent¬ 
ful  (fig.  1890)  except  for  a  small  pleural  effusion  that  cleared  without  aspiration. 
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Coiumcnt. — This  ease  history  is  another  illustration  of  the  retention  of  a  metallic  for¬ 
eign  body  in  the  substance  of  the  lung  for  many  months  without  symptoms.  The  fact  that 
this  man  did  not  develop  a  postoperative  empyema,  in  vievr  of  the  organisms  present,  is 
j)robably  to  be  explained  by  the  use  of  penicillin. 


CHEST  WALL  DEFECTS 

Tlte  incidence  of  serious  defects  of  the  chest  wall  in  casualties  received  in 
Zone  of  Interior  hospitals  was  remarkably  low,  especially  in  comparison  with 
the  much  larger  proportion  of  such  defects  observed  in  the  fewer  thoracic  casuah 
ties  of  World  War  I.  There  were  several  explanations  for  the  low  incidence: 

1.  The  excellent  emergency  care  tiiese  casualties  received. 

2,  The  low  incidence  of  wound  infections,  due  to  tlie  adequacy  of  debride¬ 
ment  at  initial  Avound  surgery.  The  extensive  infections  and  massive  sloughing 
wounds  so  frequent  in  World  War  I  Avere  scarcely  eA-er  obserATd  in  World  War 
II,  in  spite  of  tlie  greater  destructiATiiess  of  World  War  II  Aveapons. 

o.  The  practice  of  delayed  primary  Avound  closure  in  fixed  hospitals  over¬ 
seas. 

4.  The  supplemental  use  of  tlie  sulfonamides  and  later  of  penicillin. 

It  Avas  usually  possible  to  effect  satisfactory  repair  of  chest  Avail  defects  by 
the  use  of  regional  tissues ;  that  is,  the  bones,  muscles,  fascia,  subcutaneous  tissue, 
and  skin  of  the  chest.  Split-thickness  skin  grafts  Avere  frequently  used,  and 
pedicle  grafts  Avere  used  as  necessaiy.  In  the  feAV  instances  in  AAdiich  tantalum 
plates  Avere  employed  to  biidge  the  defect,  the  results  Avere  disastrous.  The 
plate  acted  as  a  foreign  body,  and  if  it  did  not  slough  out  of  itself,  it  had  to  be 
removed  at  a  secondary  oiAeration. 


DRAINING  SINUSES  OF  THE  CHEST  WALL 

The  draining  sinuses  of  the  chest  Avail  encountei-ed  in  Zone  of  Interior  hos¬ 
pitals  Avere  due  to  the  same  causes  as  those  observed  overseas;  that  is,  injuries 
to  the  costal  cartilages  (Avitli  subsequent  infection),  retained  foreign  bodies 
and  other  foreign  material,  unAAUsely  selected  suture  material,  and  unAvise  suture 
techniques.  Infections  of  the  cartilages  and  luiAvisely  selected  suture  material 
Avere  the  chief  causes ;  they  accounted  for  most  of  the  62  draining  sinuses  treated 
at  the  Fitzsimons  General  Hospital  chest  center.  Associated  empyema  Avas 
surprisingly  infreipient,  probably  as  the  result  of  the  generally  excellent  initial 
treatment  of  the  chest  Avoiind, 

The  principle  of  management  of  draining  sinuses  Avas  removal  of  the 
offending  material,  Avhether  it  Avas  necrotic  bone  and  cartilage,  foreign  mate¬ 
rial,  or  suture  material.  Since  all  of  these  Avounds  Avere  infected,  primary 
closure  Avas  seldom  successful.  On  the  other  hand,  there  Avere  tAvo  objections 
to  leaving  the  Avounds  open  to  heal  by  granulation.  The  first  Avas  the  long 
conAvalescence  inevitable  under  this  plan.  The  second  Avas  the  tendency  of 
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granulation  tissue  to  contract,  with  resultant  exposure  of  the  cut  edges  of 
previously  health}-  rib  or  cartilage. 

The  most  satisfactory  technique  of  repair  was  as  follows:  The  sinus  tracts 
were  fully  exposed,  with  due  care  to  preserve  as  much  healthy  skin  as  possible. 
The  affected  cartilages  were  excised  down  to  healthy  tissue,  and  all  foreign 
material,  including  sutures,  was  removed.  Tlie  wound  Avas  then  dressed  Avith 
petrolatum-impregnated  gauze  and  left  open.  As  a  rule,  clean  granulations 
Avere  observed  in  4  to  T  days.  As  soon  as  they  Avere  eAudent,  the  Avound  surface 
Avas  covered  Avith  a  split-thickness  skin  graft.  This  simple  technique  usually 
resulted  in  prompt  healing  and  greatly  reduced  the  j^eriod  of  hospitalization 
required  Avlien  more  complicated  techniques  Avere  used. 

ASSOCIATED  WOUNDS 

Associated  Avounds  in  patients  Avith  thoracic  injuries  referred  to  chest 
centers  Avere  most  often  regional  fractures  and  regional  nerve  injuries.  Many 
ribs  were  splintered  and  many  scapulas  shattered  by  missiles,  and  some  surgeons 
thought  that  vSuch  injuries  accounted  for  more  residual  pain  than  ordinary 
fractures.  Major  Hoyt,  at  Elalloran  General  Hospital,  had  the  impression  that 
casualties  Avith  such  fractures  took  a  considerable  time  to  regain  their  mental 
equilibrium.  Many  of  them  referred  repeatedly  to  the  difficulty  in  breathing 
they  had  experienced  soon  after  injury.  When  hemoptysis  Avas  added  to  the 
respiratory  embarrassment,  the  experience  seemed  particularly  frightening. 
These  patients  required  a  great  deal  of  individual  attention,  and  their  pliysical 
recovery  progressed  more  rapidly  as  their  mental  status  improA-ed. 

A  number  of  chest  Avounds  were  complicated  by  nerve  injuries,  particu¬ 
larly  injuries  of  the  brachial  plexus.  The  position  at  Avounding  accounted  for 
these  injuries.  If  the  soldier  Avas  craAAding  forAvard  on  his  hands  and  knees, 
or  Avas  advancing  in  a  bent  over  position,  the  supraclavicular  area  Avas  pre¬ 
sented  as  a  target.  The  entering  missile  fractured  the  claAacle  and  emerged 
betAveen  the  scapula  and  spine  or  the  scapula  and  ribs.  The  location  of  the 
Avound  Avas  STich  that  the  brachial  plexus  Avas  implicated  in  it,  and  partial 
paralysis  of  the  arm  and  hand  resulted.  Many  of  these  patients  had  to  be 
ti'ausferred  to  neurosurgical  centers  for  treatment  after  their  thoracic  injuries 
Avere  completely  healed. 
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BRONCHIECTASIS 

Incidence 

Army  statistics  testify  to  the  importance  of  bronchiectasis  among  diseases 
of  the  chest.  Admissions  during  1942-45  (table  15)  numbered  6,207,  of  which 
5,164  were  to  hospitals  in  the  continental  United  States.  During  this  same 
period,  there  Avere  12  deaths  in  the  U.S.  Army  in  Avhich  bronchiectasis  was  the 
underlying  cause,  and,  more  important  from  the  standpoint  of  Army  man¬ 
power,  there  were  4,487  disability  separations  for  this  cause. 


Table  15. — Admissions  for  'bronchiectasis  in  the  XJ.S,  Army,  by  area  and  year,  19Jt2~Jf5 
[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 

[Rate  expressed  as  number  of  admissions  per  annum  per  1,000  average  strenf^th] 


Area 

1942-45 

1942  1 

1 

1943 

1944 

1945 

Number 

Rate 

Number 

Rate 

Number; 

Rate 

Number 

Rate 

Number 

Rate 

Continental  United 

States. 

5,  164 

0.  35 

980 

0.  37 

2,  185 

0.  42 

1,  214 

0.  31 

785 

0.  27 

Overseas: 

Europe _ 

381 

0.  09 

17 

0.  20 

49 

0.  18 

160 

0.  10 

155 

0.  07 

Mediterranean  i _ 

174 

.  12 

4 

.  17 

75 

.  16 

70 

.  11 

25 

.  07 

Middle  East _ 

18 

.12 

1 

.  17 

8 

.  15 

9 

.  19 

China-Burma- 

India  — 

48 

.  11 

4 

.  46 

6 

.  15 

23 

.  14 

15 

.07 

Southwest  Pacific.. 

176 

.  10 

15 

.  21 

24 

.  13 

62 

,  11 

75 

.  07 

Central  and  South 

Pacific  _ 

159 

.  13 

18 

.  12 

55 

.  19 

56 

.  13 

30 

GO 

o 

North  America  2 _ 

42 

.  09 

17 

.  17 

17 

.  09 

8 

.  06 

Latin  America _ 

40 

.  10 

15 

.  15 

21 

.  17 

4 

.  05 

Total  overseas 

1,  043 

0.  10 

93 

0.  16 

255 

0.  15 

395 

0.  10 

300 

0.  06 

Total  Army 

6,  207 

0.  24 

1,  073 

0.  33 

2,  440 

0.  36 

1,  609 

0.  21 

1,  085 

0.  14 

1  Includes  North  Africa. 

2  Includes  Alaska  and  Iceland. 

3  Includes  admissions  on  transports. 
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THOEACIC  SURGERY 


Even  granting  the  assumption  tliat  not  every  admission  for  bronchiectasis 
represented  an  actual  instance  of  this  disease,  the  numbers  are  sufRcienth"  large 
to  indicate  the  extent  of  the  problem.  The  figui*es  also  suggest  the  possible 
incidence  of  this  disease  in  the  general  population:  These  6,207  patients  were 
in  a  selected  age  group  of  men,  who  had  passed  the  physical  examination  and 
roentgenologic  examination  for  induction  into  the  Army.  The  number  of 
draftees  who  were  rejected  for  service  because  bronchiectasis  was  detected  is 
undoubtedly  several  times  greater. 

The  manifestations  of  bronchiectasis  were  essentially  the  same  in  military 
as  in  civilian  practice  and  call  for  no  sj)ecial  discussion.  They  were  chiefly 
dependent  upon  the  degree  of  sepsis,  which  in  turn  was  chiefly  dependent  upon 
the  adequacy  of  bronchial  drainage.  When  the  disease  Avas  adAuinced,  the  de¬ 
structive  changes  were  always  permanent  and  irreversible  and  could  be  managed 
onty  by  extirpation  of  the  inA^olved  tissue. 

The  following  material,  which  can  be  assumed  to  be  typical,  is  based  on 
an  analysis  of  390  consecutiA^e  patients  Avith  bronchiectasis  treated  at  Percy 
Jones  General  Plospital,  Battle  Creek,  Mich.,  and  the  chest  center  at  KennedA^ 
General  Hospital,  IMemphis,  Tenn.,  during  World  War  II  by  Maj.  Earle  B. 
Kay,  MC;  Maj.  (later  Lt.  Col.)  Eichard  H.  Meade,  Jr.,  MC:  and  Maj.  Felix 
A.  Hughes,  Jr.,  MC  (i). 

Diagnosis 


Diagnosis  Avas  based  on : 

1.  Eoentgenologic  examination,  repeated  as  necessary. 

2.  Bronchography,  Avith  outlining  of  all  five  pulmonary  lobes.  This  meas¬ 
ure  had  to  be  employed  Avith  caution,  for  it  sometimes  disclosed  minor  degrees 
of  dilatation  on  Avhicli  a  diagnosis  of  bronchiectasis  Avas  based,  in  the  absence 
of  clini cal  syinptoms.  For  this,  there  Avas  no  Avarrant. 

3.  Bronchoscopic  examination,  to  determine  the  source  of  the  exudate.  If 
the  bronchial  mucosa  seemed  unduly  inflamed,  the  j^ossibility  of  bronchial  oc¬ 
clusion  secondary  to  a  retained  foreign  body  or  a  neoplasm  had  to  be  considered 
and  eliminated. 

4.  Bronchospirometric  studies,  Avhich  Avere  important  if  the  disease  Avas 
bilateral,  to  determine  AAdiich  AA^as  the  AA'orse  side  (p.  421).  It  Avas  also  im¬ 
portant  to  determine  the  pulmonary  reserve  of  the  uninvolved  lung  if  dyspnea 
Avas  a  symptom  and  to  establish  the  extent  of  functional  tissue  in  borderline 
cases. 

Differential  diagnosis  chiefE  concerned  the  reversible  bronchial  dilatations 
that  sometimes  folloAved  an  acute  attack  of  respiratory  infection,  particularly 
atypical  pneumonia.  In  October  1943,  Maj.  (later  Col.)  Brian  Blades,  MC, 
Avrote  to  Lt.  Col.  (later  Col.)  B.  Koland  Carter,  MC,  that  Major  Meade  had 
reported  this  complication  at  the  Kennedy  General  Hospital  chest  center  and 
that  it  Avas  also  being  observed  at  the  chest  center  at  IValter  Eeed  General 
Hospital,  Washington,  D.C.  The  tenpAorary  nature  of  the  bronchial  dilatation 
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in  these  cases  could  be  demonstrated  by  repeating  the  bronchogram  a  few  weeks 
later;  the  bronchial  configuration  then  usually  showed  a  complete  return  to 
normal.  Bronchoscopic  examination  was  also  useful.  Differential  points 
were  the  marked  edema  and  generalized  inflammatory  reaction  in  the  postpneu¬ 
monia  patients,  lesser  friability  and  vascularity,  and  absence  of  the  character¬ 
istic  odor  of  the  purulent  sputum  of  bronchiectasis. 

Conservative  Management 

The  high  hopes  originally  entertained  for  the  use  of  penicillin  in  bron¬ 
chiectasis  were  not  fulfilled.  It  Avas  never  likely  that  they  would  be.  This 
is  a  disease  characterized  by  bronchial  and  bronchiolar  destruction,  permanent 
bronchial  dilatation,  chronic  infection,  and  marked  sepsis.  In  advanced  stages, 
the  normal  bronchial  architecture  is  replaced  by  less  specialized  tissue,  a  patho¬ 
logic  change  that  explains  the  recurrent  periods  of  exacerbation  and  the  chronic 
state  of  sepsis  that  characterize  it.  Penicillin  was  of  considerable  A^alue  in  the 
treatment  of  recurrent  pneumonic  episodes  as  Avell  as  in  decreasing  the  sepsis 
and  toxicity  of  the  interval  stages.  Occasionally,  it  changed  the  character  of 
the  sputum.  It  frequently  decreased  the  cough  and  sputum  and  increased 
the  sense  of  Avell-being.  These  improvements  lasted,  however,  only  as  long  as 
penicillin  was  administered.  When  administration  was  discontinued,  they 
wei’e  promptly  lost. 

At  the  Kennedy  General  Hospital  chest  center,  45  patients  Avith  advanced 
bronchiectasis  Avere  treated  Avith  intramuscular  injections  of  25,000  units  of  peni¬ 
cillin  eA^eiy  3  hours  for  1  or  2  months  and,  in  4  cases,  for  3  months.  The  im- 
proATinents  just  listed  occurred  in  about  tAvo-thirds  of  the  patients,  usually 
during  the  first  fcAv  Aveeks  of  treatment.  Regression  occurred  Avhen  penicillin 
AAuis  discontinued,  and  no  patient  Avith  advanced  bronchiectasis  had  any  per¬ 
manent  benefit  from  the  treatment. 

Intratracheal  x^enicillin  Avas  used  in  another  45  patients  Avith  bronchiectasis, 
Avith  someAvhat  better  results.  The  seven  patients  Avith  minimal  disease  had 
almost  complete  relief,  and  definite  improATinent  occurred  in  tAvo-thirds  of  the 
rema  i ning  pat ients. 

Indications  for  Lobectomy 

Keither  penicillin  nor  any  other  form  of  conservative  therapy  Avas  the  solu¬ 
tion  of  the  problem  of  advanced  bronchiectasis.  Only  surgery  provided  the 
ansAver.  The  decision  to  resort  to  it  depended  upon  the  extent  of  clestructAe 
changes,  the  physical  eAudences  of  chronic  toxicity,  and  the  amount  of  disability 
and  invalidism.  Of  i^articular  importance  Avas  the  evaluation  of  the  patient 
as  a  Avhole,  including  not  only  his  present  symptoms  but  his  past  history,  Avith 
special  reference  to  the  increasing  frequency  or  severity  of  acute  episodes. 

Operation  Avas  never  indicated  in  patients  Avith  minimal  disease,  Avho 
could  be  treated  conservatiA^ely  Avith  good  results.  It  Avas  not  indicated  in 
patients  Avho  had  no  clinical  eAddence  of  the  disease,  even  though  roentgeno- 
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grams  showed  varying  degrees  of  apparently  permanent  bronchial  dilatation. 
iS^or  was  it  indicated  in  patients  with  disease  of  all  five  lobes  ,*  they  were  beyond 
surgical  help. 

Bilateral  bronchiectasis,  Avhich  was  j^resent  in  about  30  percent  of  the 
patients  observed  in  World  W ar  II,  was  not  considered  a  contraindication  to 
surgery.  Past  experience  had  shown  that  those  with  advanced  disease  on  one 
side  and  minimal  disease  on  the  other  were  usually  greatly  improved  by  opera¬ 
tion  on  the  more  severely  involved  side.  If  the  disease  was  extensive  on  both 
sides,  operation  Avas  still  considered  indicated  as  long  as  (1)  the  right  upper 
lobe  and  (2)  the  upper  aspect  of  the  left  upper  lobe  AA’ere  free  from  disease  and 
the  cardiorespiratory  reseiwe  Avas  adequate. 

These  indications  Avere  folloAved  in  the  184  lobectomies  in  this  series,  in 
36  of  Avhich  the  disease  Avas  bilateral  and  in  6  of  AAdiich  bilateral  lobectomy 
Avas  performed.  In  another  case,  the  right  middle  and  loAver  lobes  had  been 
remoA^ed  earlier,  and  the  left  loAA^er  lobe  and  the  lingula  of  the  left  upper  lobe 
were  removed  later  (p.  420) . 

Preoperative  Preparation 

Operation  Avas  not  scheduled  until  4  to  6  weeks  had  elapsed  after  bron¬ 
chography,  to  allow  time  for  the  elimination  of  the  injected  iodized  oil.  In 
the  absence  of  this  precaution,  a  postoperative  pneumonitis  Avas  a  jAOSsibility. 

Preoperative  preparation  Avas  extremely  careful  and  painstaking.  It  con¬ 
sisted  of  the  folloAving  measures : 

1.  Patients  Avho  had  been  ill  over  a  long  period  of  time  had  a  detailed 
medical  study,  to  eliminate  possible  cardiac,  hepatic,  and  renal  com^Alications. 

2.  An  otolaryngologic  examination  Avas  made,  and  any  infection  found 
received  the  proper  treatment.  Sinusitis  Avas  treated  by  nebulized  penicillin. 

3.  The  diet  Avas  high  in  Autamins  and  calories,  and  supplementary  Autamin 
therapy  Avas  used  as  necessary.  The  vitamin  C  content  of  the  blood  Avas 
brought  to  normal. 

4.  The  plasma  protein  components  of  the  blood  AA^ere  also  brought  to  normal 
by  supplementary  protein  components  in  the  diet  or  by  blood  transfusions  if 
they  Avere  indicated.  A  blood  transfusion  Avas  ahvays  begun  Avhen  operation 
Avas  started  and  Avas  usually  continued  throughout  its  course,  in  the  amount  of 
1,000  to  1,500  cubic  centimeters. 

5.  A  physiotherapist  explained  and  demonstrated  the  breathing*  exercises 
to  be  used  during  the  entire  postoperative  period. 

6.  If  postural  drainage  proved  useful,  it  Avas  employed  three  or  four  times 
a  day. 

T.  If  sputum  Avas  copious  and  bronchitis  severe,  a  course  of  intratracheal 
penicillin,  given  for  7  to  14  days,  Avas  frequently  helpful  in  reducing  the  amount 
of  sputum. 
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8.  Inti'amiiscular  injections  of  penicillin  were  begun  the  day  before  opera¬ 
tion.  When  penicillin  became  available  in  preparations  of  beeswax  and  pea¬ 
nut  oil,  single  injections  of  300,000  units  were  given  daily  before  operation, 
usually  for  3  to  7  days,  and  were  continued  after  operation  until  the  temperature 
was  normal. 

Technique 

The  individual  ligation  technique  was  used  in  182  of  the  184  lobectomies 
in  this  series ;  only  the  first  2  were  performed  by  the  mass  ligation  teclmique. 
If  purulent  secretions  were  excessive,  the  bronchus  was  closed  as  soon  as  possi¬ 
ble,  but  seldom  before  the  arteries  were  divided.  The  inferior  pulmonary 
vein  was  always  the  last  vessel  ligated.  It  was  thought  that  the  danger  of 
embolism  from  involved  lobes  was  less  important  than  the  technical  disadvan¬ 
tage  of  permitting  the  lobe  to  become  engorged. 

Pleuritic  adhesions  between  the  upper  lobe  and  the  chest  wall  were  cut. 
If  they  were  allowed  to  persist,  they  might  prevent  the  upper  lobe  from  readily 
readjusting  to  the  larger  space  now  available  to  it. 

In  all  partial  pulmonary  resections,  the  pleura  was  drained  by  an  airtight 
catheter  connected  to  water-seal  suction.  Drainage  was  usually  maintained 
for  48  hours.  Bronchoscopic  aspiration  was  performed  routinely  at  the  end 
of  the  operation. 

At  the  end  of  the  operation,  roentgenograms  were  taken  and  immediate 
corrective  measures  were  instituted  if  they  showed  atelectasis  or  if  reexpansion 
of  the  remaining  lung  tissue  was  not  satisfactory. 

Postoperative  Routine 

The  usual  routine  of  postoperative  care  was  folloAved  after  lobectomy, 
with  special  emphasis  upon  the  following  measures : 

1.  Oxygen  was  administered  for  the  first  12  to  24  hours. 

2.  If  the  patient  complained  of  tiglhness  in  the  chest  during  the  early 
postoperative  period,  temporary  phrenic  nerve  paralysis  was  performed.  This 
was  a  particularly  important  j^recaution  if  an  emphysematous  lobe  had  been 
removed,  to  prevent  overdistention  of  the  remaining  lobe  (lobes),  as  well  as 
in  high  lingulectomies  or  middle  lobe  lobectomies  performed  in  combination 
with  lower  lobe  lobectomies. 

3.  The  patient  was  usually  ambulatory  by  the  fifth  day  and  was  permitted 
out  of  bed  earlier  if  he  had  difficulty  in  voiding, 

4.  Daily  roentgenograms  were  taken  at  the  bedside,  to  keep  constant  check 
on  the  remaining  lobe  or  lobes. 

5.  When  the  hemithorax  was  satisfactorily  filled  with  the  remaining  lung 
tissue  and  the  patient’s  general  condition  was  good,  he  Avas  given  a  convalescent 
furlough.  His  disposition  was  determined  on  his  return  to  the  hospital. 
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Mortality  and  Complications 

The  single  surgical  death  in  this  series  occurred  in  the  fourth  of  the  184 
lobectomies.  The  patient  had  had  bronchiectasis  of  the  right  lower  lobe  for 
many  months,  witli  repeated  hemoptyses.  Anesthesia  was  trying.  It  was  hard 
to  maintain  a  clear  airway.  Tlie  operation  was  technically  difficult  and  time 
consuming.  It  is  doubtful  that  this  fatality,  which  was  attributed  to  cerebral 
and  2:)ulmonary  edema,  would  have  occurred  if  the  patient  had  been  operated 
on  later  in  the  series. 

The  complications  in  these  184  lobectomies  were  as  follows : 

Significant  shock  from  blood  loss  occurred  in  only  one  case. 

Postoperative  atelectasis  occurred  in  five  cases.  Its  infrequency  was  the 
result  of  the  vigorous  endeavors  to  keep  the  bronchi  free  of  secretions  by  early 
movement,  frequent  voluntary  coughing,  and  aspiration  of  retained  secretions 
as  necessary.  In  one  case,  however,  atelectasis  was  alarming.  This  patient 
had  had  the  right  middle  and  lower  lobes  removed  at  one  operation,  and  the 
left  lower  lobe  and  lingula  at  another  sitting  6  months  later.  On  the  third 
day  after  the  last  operation,  atelectasis  of  the  remaining  portion  of  the  left 
upper  lobe  developed  and  persisted  to  some  degree  for  the  next  3  days.  During 
this  time,  the  patient  was  maintained  only  on  the  right  upper  lobe,  with  re¬ 
peated  intratracheal  aspiration  and  the  intermittent  use  of  intranasal  oxygen. 
Eecovery  thereafter  was  uncomplicated. 

Hemothorax  developed  in  two  cases,  probably  because  of  injury  of  the 
intercostal  vessels  when  the  thoi’acotomy  tubes  were  inserted. 

Bronchopleural  fistula  with  resulting  emi^yema  occurred  in  20  cases,  all 
early  in  the  series.  There  Avere  only  5  such  complications  in  the  last  100  lobec¬ 
tomies.  Postlobectomy  empyema,  was  not  a  serious  problem  at  any  of  the 
thoracic  surgery  centers.  It  Avas  thought  that  careful  surgical  technique  and 
prompt  reexpansion  of  the  remaining  lung  had  more  to  do  Avith  this  than  did  the 
use  of  penicillin. 

J aundice  deA'eloped  in  six  cases,  Avhether  secondary  to  blood  transfusion  or 
as  the  result  of  concomitant  hepatitis  is  not  clear;  a  number  of  other  patients 
deA'eloped  hepatitis  at  about  this  time. 

One  patient  had  a  cerebrovascular  accident,  probably  from  a  septic  embolus. 
He  Avas  treated  Avith  penicillin  and  streptomycin.  Six  Aveeks  later,  a  trephine 
operation  Avas  performed,  and  a  small,  sterile  cystic  caAnty  Avas  evacuated. 
Eecovery  f olloAved.  Penicillin  Avas  given  by  vein  during  operation  in  subsequent 
cases,  to  reduce  tlie  likelihood  of  this  complication. 

There  Avas  no  complication  from  the  contralateral  lung  in  any  patient  Avitli 
bilateral  bronchiectasis,  probably  because  in  these  cases,  the  postoperatiA^e 
regimen  Avas  particularly  rigid. 
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Bronchospirometry 

Ten  patients  in  this  series  iipon  Avlioin  bronchospiroinetric  studies  were 
performed  before  operation  had  an  average  oxygen  consumption  on  the  alfected 
side  of  only  37  x)ercent  of  the  total  and  an  aATrage  ventilation  of  44  percent  of 
the  total.  Tliese  figures  show  the  effects  of  bronchiectatic  destruction  of  tissue 
on  the  pulmonary  function.  They  also  show  that  the  efficiency  of  oxygen 
absorption  into  tlie  alveolar  capillaries  or  through  the  alveolar  membrane  is  even 
more  impaii’ed  in  this  disease  than  is  tlie  ability  to  ventilate  the  lung. 

In  one  instance,  bronchospirometric  studies  on  a  patient  with  bilateral 
disease  showed  that  ox^^gen  consumption  was  61.1  percent  on  the  more  severely 
impaired  side  and  only  38.9  percent  on  the  other  side,  on  wliich  there  was  thought 
to  be  only  minimal  disease  in  the  right  upper  lobe.  Evidently,  destructive 
changes  not  apparent  by  roeiitgenogram  or  bronchogram  were  present  in  the 
supposedly  good  lung.  Two  patients,  not  included  in  this  series,  were  found  to 
have  such  copious  amounts  of  sputum  and  such  a  degree  of  bronchial  obstruction 
that  tliere  was  no  oxygen  absorption  at  all  on  the  affected  side. 

Tlit^se  studies  indicate  (1)  that,  in  many  instances,  the  bronchiectatic  lobe 
contributes  very  little  to  the  oxygenation  and  gaseous  exchange  of  the  blood 
circulating  in  the  pulmonary  tissues;  (2)  that  the  blood  returns  to  the  lieart 
unoxygenated  and  with  a  high  carbon  dioxide  content:  and  (3)  that  these 
phenomena  are  responsible  in  large  measure  for  the  cyanosis  and  dyspnea 
observed  in  bronchiectasis.  Only  by  removal  of  the  bronchiectatic  tissue  can 
blood  be  circulated  through  the  al  veoli,  with  proper  oxygenation  and  diffusion 
of  gases. 

Postoperative  broncliospirometric  studies  in  26  cases  in  this  series  showed 
that  the  ])uhnonary  function  of  the  remaining  lung  tissue  on  the  affected  side 
was  largely  dependent  on  the  presence  or  absence  of  postoperativ  e  pleural 
complications  (figs.  190, 191,  192  and  193).  In  none  of  these  cases  was  the  pul¬ 
monary  function  significantly  impaired  when  recovery  was  uneventful:  in 
numerous  instances,  it  was  within  normal  limits  2  or  3  months  after  operation. 
That  good  results  persist  is  suggested  by  the  fact  that  function  was  normal  in 
two  other  patients  examined,  respectively,  1  year  and  3  years  after  lobectomy. 

Results 

The  good  results  in  this  series  were  unquestionably  influenced  by  the  fact 
that  practically  all  of  the  patients  were  excellent  risks  as  compared  with  can¬ 
didates  for  surgery  in  civilian  practice.  Their  disease  was  such  that  it  could 
bo  cured  only  by  pulmonary  resection,  and  the  risks  they  underwent  were  so 
small  compared  to  the  risks  of  persisting  disease  that  operation  was  recom¬ 
mended  without  hesitation  in  every  case  in  which  it  was  indicated. 


Figure  100— Broiiehospiroinotric  tracing*  1  niontli  after  left  lower  lobe 
lobectomy  for  bronchiectasis.  Left  side  now  contributes  53  percent  of  total 
oxygen  consumption  and  52  percent  of  total  yentilation.  Convalescence  was 
entirely  nneventful. 


Figure  101. — Bronchospirometric  tracing  7  weeks  after  left  lower  lobe 
lobectomy  for  bronchiectasis  in  patient  with  residual  dysfunction  of  right  lung 
secondary  to  pneumonia  and  empyema.  The  decreased  pulmonary  function 
secondary  to  pleural  thickening  on  this  side  is  evident  from  the  fact  that  the 
left  side  contributes  76.4  percent  of  the  total  ventilation. 
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Figure  192. — Broncliosplrometric  tracing  S  weeks  after  right  miclclle  and 
lower  lobe  lobectomy  for  broiiclnectasis.  The  phrenic  nerve  was  crushed  8  days 
after  operation  to  prevent  overdistention  and  emphysema  of  upper  lobe.  The 
right  side  now  contributes  47  percent  of  total  oxygen  consumption  and  43 
percent  of  total  ventilation. 


Figure  193. — Bronchospirometric  tracing  7  weeks  after  resection  of  left 
lower  lobe  and  lingula  of  the  'upper  lobe  for  bronchiectasis.  The  phrenic  nerve 
was  crushed  3  days  after  operation  to  prevent  overdistention  of  remaining 
segment  of  upper  lobe.  Remaining  segment  of  upper  left  lobe  now  contributes 
33.3  percent  of  total  oxygen  consumption  and  26.3  percent  of  total  ventilation. 
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Administrative  Considerations 

When  bronchiectasis  was  clearly  not  “line  of  duty/'  as  manifested  by  a 
history  of  previous  symptoms  pointing  to  it,  disposition  could  be  accomplished 
at  any  hospital  at  wliicli  authorized  disposition  boards  were  held. 

All  patients  with  bronchiectasis  considered  to  be  line  of  duty  were  trans¬ 
ferred  to  a  thoracic  surgery  center,  where  treatment  was  carried  out  and 
disposition  was  effected  by  consultation  between  the  medical  and  the  surgical 
services.  The  policy  was  to  discharge  men  who  did  not  wish  to  be  operated  on 
or  in  Avliom  operation  Avas  contraindicated.  Those  Avith  extensive  bilateral 
disease  Avere  given  medical  discharges.  Those  Avith  advanced  disease  not 
suitable  for  surgery  AA^ere  usually  transferred  to  a  Veterans'  Administration 
hospital. 

Altliough  many  men  Avere  returned  to  full  duty  after  lobectomy,  there  Avas 
some  hesitancy  all  through  the  Avar  about  returning  to  duty,  or  accepting  for 
duty,  any  man  Avho  had  any  type  of  thoracic  disease.  Tliis  problem  first  came 
up  in  October  1043,  after  inore  than  50  lobectomies  liad  been  performed  at 
the  Walter  Eeed  thoracic  surgery  center,  and  Major  Blades  Avrote  to  Colonel 
Carter  about  it. 


PULMONARY  TUBERCULOSIS 
Surgical  Procedures 

In  World  War  I,  pulmonary  tuberculosis  Avas  a  major  problem,  as  might 
have  been  expected,  for  both  roentgenologic  and  screening  technicpies  Avere 
ciude  bv  modern  standards.  In  V  orld  M  ar  II,  the  efficient  screenin<2’  and 
case-finding  methods  that  had  been  dev^eloped  l)etAveen  the  Avars  Avere  2Aut  to 
good  use,  and  tuberculosis  in  the  Armed  Forces  Avas  ncAer  a  major  concern. 

The  finding  of  actUe  disease  in  a  soldier,  at  least  in  the  first  years  of  the 
AAar,  AAuis  considered  almost  synonymous  AAdth  his  ])ermanent  release  from 
active  duty.  As  the  Avar  progressed,  hoAvever,  this  concept  began  to  be  altered, 
and  surgeiy  Avas  emjDloyed  in  occasional,  carefully  selected  cases,  Avith  remark- 
ably  good  results. 

A  listing  of  the  procedures  accomplished  at  the  chest  center  at  Fitzsimons 
General  Ilospital,  Denver,  Colo.,  in  1944  and  1945  sIioavs  interesting  chano’es 
in  the  procedure  employed,  as  Avell  as  an  increasing  interest  in  surgery  for 
tuberculosis  (table  16). 

All  patients  selected  for  surgery  Avere  first  carefully  considered  by  the 
medical  board  of  the  hospital,  and  the  responsibility  of  the  chest  centm*  for 
them  varied  according  to  the  operation.  Patients  who  underwent  only  phrenic 
emjohraxis  Avere  brought  to  the  oj)erating  room  from  the  medical  Avard  and 
returned  to  the  medical  Avard  immediately  after  the  operation.  Patients  avIio 
underAAent  jmeumonolysis  AA'ere  transferred  to  the  surgery  section  the  afternoon 
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Tahi.e  16. — Oi)cra1iom  for  pulmonary  fi(J)€rcnlosi8,  Fitzsinions  General  Hospital  thoracic 

suryery  center, 


Procedure 


Thoracoplasty _ 

Phrenic  eniphraxis - 

I  lit  rapleiir  al  pn  eu  m  ono  lysis 

Open  pneumonolysis _ 

Lobectomy _ 

Segmental  resection - 

Pneumonectomy - 

Partial  pneumonectomy _ 

Decortication _ 

Total _ 


1944--45 

1944 

1945 

213 

139 

74 

490 

226 

264 

25 

23 

2 

72 

72 

40 

12 

28 

7 

7 

5 

2 

3 

3 

3 

5 

5 

860 

402 

458 

before  operation.  A  roentgenogram  amis  taken  at  once  to  determine  the  degree 
of  pneumothorax  present. 

The  patients  were  held  on  tlie  surgical  ward  after  operation  only  until  the 
intrapleural  pressure  tvas  aatII  stabilized,  which  aauis  usually  AAnthin  72  hours. 
Candidates  for  other  operations  were  transferred  to  the  surgery  section  before 
operatioii  and  held  on  it  until  their  iminediate  convalescence  was  complete. 

Pulmonary  resection  for  tuberculosis  ivas  introduced  at  this  center  in  1944. 
There  ivas  1  death  in  the  12  operations,  from  massive  postoperative  spread  of 
the  process.  The  patient  Avas  a  poor  surgical  risk,  Avitli  bilateral  cavitary  dis¬ 
ease,  and  left  upper  lobectomy  Avas  perfoianed  in  the  desperate  hope  of  control¬ 
ling  it.  A  mixed  empyematous  process  developed  in  another  case  after  opera¬ 
tion,  but  the  patient  made  a  good  recovery,  and  tliere  Avas  no  spread  of  the 
disease  in  any  other  case.  All  other  patients  recovered  smoothly.  These  re¬ 
sults  Avere  considered  so  encouraging  that  the  policy  Avas  continued  and  extended 
in  1945.  There  Avere  no  deaths  in  the  28  lobectomies  performed  in  that  year, 
and  postoperative  spread  of  the  disease  occurred  in  only  one  case.  The  center 
closed  before  long-term  results  of  lobectomy  could  be  observed,  but  the  imme¬ 
diate  results  Avere  considered  most  encouraging. 

It  Avas  not  ahvays  easy  to  select  patients  for  lobectomy.  In  general,  the 
procedure  Avas  limited  to  chronic  disease  Avith  localized  involATinent  Avhich  had 
not  responded  to  standard  collapse  therapy. 

The  results  of  pneumonectomy  Avere  not  encouraging,  Avhicli  Avas  not  un¬ 
expected,  for  all  operations  Avere  done  for  advanced  disease  involving  the  entire 
lung.  All  the  patients  AA^ere  extremely  poor  surgical  risks,  and  operation  Avas 
a  last  resort.  There  Avere  tAVo  deaths  in  the  three  operations  performed  in  1944. 

Tuberculomas. — The  seven  segmental  pulmonary  resections  performed  at 
the  Fitzsinions  General  Hospital  chest  center  in  1945  were  all  for  tuberculomas. 
These  neoplasms  Avere  formerly  considered  extremely  uncommon.  Eoutine 
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roentgenologic  examinations  of  men  in  service  at  induction,  at  separation,  and 
sometimes  more  often,  showed  that  they  were  by  no  means  as  uncommon  as 
they  liad  originally  seemed. 

Alost  tuberculomas  were  asymptomatic,  but  careful  inquiry  into  the  pre¬ 
vious  history  often  revealed  positive  or  suspicious  stories  of  active  disease. 
The  majority  of  the  masses  were  solitary,  but  in  a  number  of  instances,  satellite 
hbrocaseous  nodules  were  associated  with  the  larger  growths,  particularly  in 
the  upper  lobes. 

hen  a  tuberculoma  was  diagnosed,  its  presence  was  regarded  as  an  indica¬ 
tion  for  surgery.  These  lesions  have  dangerous  potentialities  for  breaking 
down  and  spreading.  At  operation,  tliey  ai-e  usually  found  to  be  more  extensive 
than  roentgenologic  examination  has  suggested.  Finally,  neither  roentgeno¬ 
logic  examination  nor  any  other  measure  is  sufficiently  accurate  to  differentiate 
them  from  bronchogenic  carcinoma. 

If  bacteriologic  examination  revealed  acidfast  bacilli,  medical  treatment 
was  employed  before  operation.  The  possibility  of  endobronchial  disease  al- 
Avays  required  imnstigation  before  operation,*  it  was  unusual,  but  preoperative 
treatment  Avas  necessary  if  it  Avas  found. 

Excision  Avas  usually  possible  by  Avedge  resection,  Avith  conseiwation  of  as 
much  lung  tissue  as  possible.  Lobectomy  Avas  necessary  if  the  lesions  Avere 
large  or  if  there  Avere  satellite  nodules. 

Eecovery  Avas  usually  smooth,  and  most  operations  could  be  considered 
successful.  The  postAvar  experience  has  shoAAui  that  many  patients  treated  by 
excision  of  tuberculomas  can  be  returned  to  full  military  duty. 


Tuberculosis  Complicating  Combat-Incurred  Wounds 

Attention  has  been  called  to  an  unusual  case  in  the  Mediterranean  theater 
in  AAdiich  recover}^  was  complicated  by  activation  of  latent  tuberculosis  (p.  165) . 
The  folloAAung  similar  case  Avas  observed  at  Ilalloran  General  Hospital,  Staten 
Island,  X.Y.,  by  Maj.  Kiclunond  L.  Moore,  MC; 

Case  1. — A  laiA’ate  in  the  infantry  was  struck  in  the  left  lower  chest  on  2  May  1944,  in 
England,  by  a  fragment  from  an  accidentally  exploded  60-mm.  mortar  shell.  When  he  AAms 
seen  in  a  general  hospital  2  hours  later,  he  Avas  in  moderate  shock  and  was  complaining  of 
severe  upper  abdominal  pain.  The  upper  abdomen  Avas  rigid  and  tender,  and  there  Avas 
beginning  dullness  in  both  flanks.  The  thoracic  Avouiid,  Avhich  Avas  about  15  cm.  long,  Avas 
in  the  left  midaxillary  line,  at  the  leA^el  of  the  tenth  intercostal  space.  A  portion  of  the 
spleen  had  herniated  through  it.  Roentgenograms  of  the  chest  and  abdomen  shoAAmd 
neither  pneumothorax  nor  foreign  bodies. 

Exploration  of  the  abdomen  through  a  T-shai)cd  incision  revealed  a  ruptured  spleen,  a 
< -cm.  rent  in  the  left  leaf  of  the  diaphragm,  x>erforations  on  the  gretater  and  lesser  curA'a- 
tures  of  the  stomach,  and  a  puncture  Avound  on  the  inferior  surface  of  the  left  lobe  of 
the  liver.  The  peritoneal  caAuty  Avas  full  of  blood  mixed  Avith  gastric  contents.  The 
operation  consisted  of  splenectomy  and  repair  of  the  perforations  in  the  stomach  and  the 
diaphragm.  The  puncture  Avound  of  the  liver  Avas  not  explored.  The  AVOund  of  the  chest 
Avail  Avas  debrided  before  closure,  AAdiich  Avas  complete. 
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RoeiitgenogTaiiis  on  12  May  sliowed  a  left  hcniopneumothorax,  but  the  chart  bore  no 
record  of  treatment  by  aspiration.  On  15  May,  100  cc.  of  purulent  exudate  was  evacuated 
from  the  upper  half  of  the  abdominal  wound. 

Both  wounds  then  healed  well,  and  convalescence  was  uneventful  until  the  latter  part 
of  June,  when  the  patient  began  to  run  an  intermittent  sex)tic  fever,  for  which  no  cause 
was  discovered.  He  was  received  at  a  general  hospital  in  the  Zone  of  Interior  on  8  August. 
On  22  August,  aspiration  of  the  chest  yielded  300  cc.  of  thick  pus.  The  following  day,  4  cm. 
of  the  ninth  rib  was  resected,  and  drainage  was  established. 

When  the  patient  was  received  at  Halloran  General  Hospital,  on  19  September,  there 
was  a  discharging  sinus  at  the  site  of  the  rib  resection.  Roentgenograms  of  the  chest  on 
the  following  day,  after  instillation  of  20  cc.  of  Lipiodol,  revealed  a  triangular  cavity  at  the 
left  base,  measuring  3  by  G  centimeters.  A  metallic  foreign  body  7  by  15  mm.  was  in  the 
upper  abdomen,  in  the  region  of  the  liver. 

Drainage  was  obviously  inadequate,  and  a  second  thoracotomy  was  done  on  25  Septem¬ 
ber,  Avith  resection  of  the  eighth  and  ninth  ribs  and  the  intervening  intercostal  muscle 
bundles  and  pleura.  Microscopic  examination  of  the  excised  sinus  tract  shoAved  numerous 
tubercles  Avith  central  necrosis  and  borders  of  granulomatous  tissue.  The  diagnosis  of 
tuber('ulosis  Avas  confirnu'd  by  examination  of  a  second  specimen  on  27  October. 

Another  persistent  sinus  developed  after  the  second  thoracotomy  and  shoAA’ed  no  ten¬ 
dency  toAvard  healing  in  spite  of  vigorous  local  treatment.  On  3  January  1945,  roentgeno¬ 
grams  of  the  chest  after  instillation  of  Lipiodol  shOAved  an  empyezna  cavity  about  7  by  2  cm. 
and  a  bronchopleural  fistula. 

At  a  third  operation  on  2  May  1945,  exploration  shOAved  that  the  sinus  extended  deep 
into  the  substance  of  the  lung.  The  tissue  excised  at  this  operation  included  the  surround¬ 
ing  zone  of  scar  tissue,  all  of  the  regenerated  bone  surrounding  the  external  opening  of 
the  sinus  tract,  and  additional  segments  from  the  stumps  of  the  eighth  and  ninth  ribs. 
Sections  of  tissues  stained  by  the  Ziehl-Neelsen  technique  shOAved  acidfast  organisms. 

The  lung  apparently  healed  rapidly,  but  another  persistent  sinus  appeared.  At  ex- 
idoration  on  22  June,  it  Avas  found  to  extend  through  the  lung  to  the  diaphragm.  It  Avas 
thoroughly  excised  by  the  radical  technique  used  at  the  operation  on  2  May.  The  resulting 
extensive  defect  in  the  chest  Avail  Avas  closed  by  undermining  and  approximating  the 
muscles  and  subcutaneous  tissue.  A  small  rubber  tube  aaus  left  in  the  center  of  the  Avound 
betAA^een  the  lung,  diaphragm,  and  chest  Avail. 

Healing  Avas  rapid  and  satisfactory.  The  drainage  tube  Avas  removed  on  25  July,  and 

4  days  later,  the  sinus  Avas  completely  closed,  as  it  Avas  Avhen  the  patient  returned  on 

5  September  1945  from  a  30-day  convalescent  leave.  Although  he  had  gained  60  pounds 
since  the  second  thoracotomy  on  25  September  1944  and  AA^as  in  excellent  general  condition 
(fig.  194) ,  he  was  considered  unfit  for  further  military  duty  and  Avas  separated  from  service. 

The  tissues  remoA^ed  at  this  operation  again  shOAved  classical  tubercles  Avith  central 
necrosis,  rimmed  by  epithelioid  cells  and  lymphocytes  and  the  typical  Langhans  type  of 
giant  cell. 

Gowment. — This  man  received  excellent  surgery  AAuthin  3  hours  of  his  injury,  and  his 
recovery  must  be  attributed  to  it.  It  Avas  Avise  not  to  attempt  to  remove  the  shell  fragment 
in  the  liver  or  to  explore  the  chest,  for  his  condition  Avas  poor  and  his  blood  pressure  fell 
to  0  on  the  operating  table.  Complete  primary  closure  of  the  chest  Avound  after  debridement 
Avas,  hoAvever,  contrary  to  military  teachings.  Furthermore,  had  the  hemothorax  evident 

6  days  after  Avounding  been  treated  by  aspiration,  it  is  highly  probable  that  the  empyema 
Avhich  developed  Avould  liaA^e  been  izrevented. 

The  particular  point  of  interest  in  this  case  is  the  diagnosis  of  tuberculosis  in  the 
tissues  at  the  site  of  injury.  Careful  inquiry  shOAved  nothing  in  the  previous  history  to 
suggest  acidfast  infection  of  any  kind.  The  tuberculous  infection  supplied  an  adequate 
explanation  for  the  chronicity  of  the  process  and  the  repeated  failures  to  obtain  satisfactory 
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Figuke  194  (case  1). — Patient  after  final 
closure  of  tuberculous  sinus  complicating 
thoracoabdominal  wound  16  months  ear¬ 
lier.  Note  complete  healing  of  wound  and 
excellent  cosmetic  result. 


iK'aling  despite  the  eslablisliraent  of  adequate  drainage.  A  satisfactory  result  was  obtained 
only  when  all  of  the  diseased  tissues  had  been  excised  and  the  resulting  defect  closed  by  the 
approximation  of  well  nourished,  healthy  tissues. 


LUNG  ABSCESS 

The  incidence  of  lung  abscess  was  remarlvably  low  in  World  War  II  (table 
10)  and  the  incidence  of  acute  fulminating-  abscesses  far  lower  than  the  inci¬ 
dence  of  chronic  indolent  abscess.  During  the  entire  war.  only  three  acute  lung- 
abscesses  required  drainage  at  the  Walter  Eeed  General  Hospital  chest  center. 
There  were  several  explanations  for  this  situation : 

1.  One  of  the  chief  etiologic  factors  in  lung  abscess,  dental  sepsis,  was 
almost  entirely  eliminated  in  World  War  II  by  the  excellent  dental  care  pro- 
Auded  for  all  soldiers  in  the  Army. 

2.  The  almost  universal  use  of  the  sulfonamides,  and  later  of  penicillin, 
in  pneumonia  and  other  severe  respiratory  infections  probably  accounted  for 
the  absence  of  the  fulminating  infections  formerly  seen  and  also  exj)lained  the 
presence  of  more  chronic,  less  severe  types. 

3.  Because  of  the  etfectiveness  of  penicillin,  many  patients  Avith  small 
abscesses,  Avliich  Avere  treated  promptly,  Avere  probably  cured  in  smaller  hos¬ 
pitals  and  did  not  liaA^e  to  be  i^eferred  to  chest  centers. 

Chronic  lung  abscesses,  nonetheless,  furnished  numerous  problems.  As 
earl}"  as  October  1943,  Major  Blades  reported  to  Colonel  Carter  that  the  thoracic 
surgeons  at  all  centers  complained  that  these  patients  AA^ere  not  being  trans- 
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f erred  to  the  centers  early  enongh;  most  of  them  had  been  ill  for  4  to  6  months 
when  tliey  were  first  seen. 

In  War  Department  Technical  Bulletin  (TB  MED)  69  (^),  22  July  1944, 
directions  were  given  to  transfer  all  patients  with  lung  abscesses  to  thoracic 
surgery  centers  if  conservative  treatment  failed  to  produce  prompt  sympto¬ 
matic  improvement,  accompanied  by  roentgenologic  evidence  of  clearing  of  the 
surrounding  pneumonia  and  ])rogressive  decrease  in  the  size  of  the  cavity.  In 
view  of  the  difficulties  of  management  of  chronic  lung  abscess,  transfer  was  to 
be  effected  within  30  days  of  the  patient’s  admission  to  the  hosj^ital  unless  the 
rate  of  healing  clearly  indicated  that  surgical  treatment  would  not  be  required. 

Management 

As  in  other  suppurative  diseases,  the  response  to  penicillin  of  a  patient  with 
a  lung  abscess  depended  upon  the  process.  A  number  of  small,  carefully  super¬ 
vised  series  showed  that  the  only  effect  in  abscesses  of  any  severity  was  likely  to 
be  symptomatic  improvement  and  that  regression  would  occur  as  soon  as 
therapy  was  discontinued.  It  could  scarcely  be  expected  that  a  pathologic 
process  characterized  by  tissue  destruction,  necrosis,  and  gangrene  would  be 
improved  hy  any  antibiotic,  even  if  the  organisms  present  were  sensitive  to  it 
and  were  of  low  virulence. 

Even  before  the  war,  drainage  of  lung  abscesses  had  fallen  into  disfavor 
because  of  the  poor  results.  This  operation  decreased  the  sputum  and  reduced 
the  fever,  but  it  wrought  no  real  improvement  in  a  patient  in  whom  an  entire 
lobe  had  been  destroyed  and  whose  infection  involved  the  interlobar  fissures 
and  had  spread  to  adjacent  lobes.  It  was  only  in  very  early  cases,  when  the 
abscesses  Avere  well  circumscribed  and  drainage  was  instituted  promptly,  that 
the  results  of  conservative  surgery  Avere  satisfactory. 

Excisional  surgery  had  begun  to  be  popular  before  the  Avar,  as  technical 
refinements  and  developments  in  anesthesia  greatly  reduced  the  surgical  risks. 
It  Avas  the  preferred  method  of  treatment  for  chronic  lung  abscesses  in  the 
thoracic  surgery  centers  in  the  Zone  of  Interior.  The  risk  of  lobectomy  Avas 
someAvhat  greater  than  in  broncliiectasis,  but  it  Avas  generally  regarded  as 
AA'orth  taking  in  aJcav  of  tlie  prospect  of  chronic  invalidism  AAdiich  otherAAnse 
faced  the  patient,  and,  on  the  AAdiole,  the  results  Avere  excellent. 

EMPYEMA 

When  the  sulfonamide  drugs  first  became  av^ailable,  shortly  before  World 
War  II,  accumulated  data  promptly  shoAved  that  the  almost  uniA^ersal  use  of 
these  agents  in  the  treatment  of  pneumonia  Avas  resulting  in  a  marked  decrease 
in  the  postpneumonic  A^ariety  of  suppurative  pleurisy.  The  local  and  systemic 
use  of  the  various  sulfonamide  derivatives  also  shoAved,  lioAveA^er,  that  once  a 
2)urulent  exudate  had  formed  in  the  pleura,  cure  by  chemotherapy  Avas  not  possi- 
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ble:  Toxic  reactions  prevented  the  nse  of  sufficiently  large  doses  by  the  systeinic 
route  to  effect  a  cure,  Avliile  local  injections  into  the  pleural  cavity  were  equally 
ineffective,  since  the  admixture  with  purulent  ffuid  inliibited  their  antibacterial 
action. 

Management 

When  penicillin  became  available,  it  seemed,  at  least  theoretically,  that  it 
would  be  ideal  for  the  management  of  postpneumonic  empyema  caused  by 
micro-organisms  susceptible  to  it.  It  has  a  strong  antibacterial  action  when 
used  systemically,  and  retains  its  potency  in  the  presence  of  pus  and  blood. 
Its  low  toxicity  permits  the  use  of  very  large  doses  both  locally  and  systemically 
with  little  risk  of  toxic  or  other  side  effects. 

In  spite  of  these  favorable  circumstances,  the  original  high  hopes  were  not 
fulfilled.  When  acute  empyema  Avas  treated  in  the  early  stages  by  aspiration 
and  injection  of  penicillin,  there  Avere  numerous  good  results.  This  Avas  not 
ahvays  true,  hoAvever,  even  in  acute  cases,  and  it  Avas  seldom  true  in  chronic 
cases,  in  Avhich  its  prolonged  use  Avas  an  invitation  to  chronicity.  Tliere  Avas  no 
reason,  for  instance,  for  the  11  thoracenteses  and  300  intramuscular  injections 
of  penicillin  employed  in  one  of  the  early  cases  oyqt  a  6-month  period  of  hos¬ 
pitalization.  There  Avas  never  any  justification,  in  fact,  for  the  continuation  of 
conservative  treatment  unless  there  Avas  a  progressive  decrease  in  the  size  of 
the  cavity  accompanied  by  clearing  of  the  purulent  fluid. 

In  TB  Med  69  ) ,  it  Avas  directed  that  surgical  drainage  must  be  employed 

AAdien  the  pus  in  the  empyema  caAdty  Avas  thick,  since  its  presence  predisposed  to 
thickening  and  fixation  of  the  pleura  and  the  consequent  development  of  chronic 
empyema.  It  Avas  further  directed  that  all  patients  Avith  chronic  empyema  be 
transferred  to  a  thoracic  surgery  center  for  treatment  and  disposition.  An 
emp3^ema  Avas  considered  to  be  chronic  Avhen,  at  the  end  of  6  Aveeks  after  the 
original  operation,  the  caAdty  measured  30  cc.  or  more. 

The  f olloAving  policies  of  management  finally  become  routine : 

1.  An  injection  of  penicillin  Avas  given  intrapleural ly  as  soon  as  infected 
fluid  Avas  demonstrated  in  the  caAdty.  Additional  local  therapy  Avas  then 
Avithheld  until  the  organisms  present  Avere  identified  and  it  AA^as  determined 
that  they  Avere  penicillin  susceptible.  Delay  in  local  treatment  Avas  particularly 
emphasized  Avhen  penicillin  first  became  aA^ailable  and  quantities  Avere  so 
limited  that  it  could  not  be  Avasted. 

2.  If  systemic  penicillin  had  not  been  employed  during  the  pneumonic 
stage  of  the  disease,  it  Avas  begun  at  once.  The  chief  adA^antage  of  this  route 
Avas  that  it  put  into  the  blood  a  bacteria -inhibiting  substance  AAliich  might 
prevent  or  control  a  spreading  cellulitis  or  invasive  infection.  This  Avas 
particularly  important  AAdien  the  responsible  organism  AA^as  streptococcus  or 
staphylococcus. 

3.  Three  intrapleural  injections  of  50,000  units  each,  on  alternate  days, 
Avere  usuall}^  sufficient.  Before  the  injection,  as  much  fluid  as  possible  was 
removed  by  thoracentesis. 
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4.  If  exudate  continued  to  form  and  became  thicker,  surgical  drainage  was 
established  Avithout  further  delay.  Thick  could  not  be  eAuicuated  satisfac¬ 
torily  by  needle,  and  even  sterile  fluid  was  often  so  thick  that  thoracotomy  Avas 
necessary  for  adequate  drainage.  Valuable  as  penicillin  Avas  as  an  adjunct  to 
surgery,  it  did  not  permit  the  violation  of  fundamental  surgical  principles. 

ACTINOMYCOSIS 

Official  statistics  for  actinomycosis  shoAv  207  admissions  for  this  cause  in 
the  1942-45  period,  Avith  4  deaths  and  24  separations  for  disability. 

Particular  interest  Avas  aroused  in  this  disease  at  the  Kennedy  General 
Hospital  chest  center  Avhen  the  ray  fungus  Avas  isolated  in  tAvo  patients  under 
treatment  for  pulmonary  suppuration.  Thereafter,  this  organism  Avas  searched 
for  routinely  in  all  suppurative  chest  disease  and  Avas  found  Avith  surprising 
frequency,  as  is  eAudent  in  a  report  by  Major  Kay  (3). 

BetAveen  May  and  NoA^ember  1945,  Actinomyces  hovis  {Israeli)  Avas  found 
in  109  of  240  patients  under  treatment  for  chronic  bronchopulmonary  infec¬ 
tions.  In  no  instance  Avas  it  the  only  organism  found.  In  a  number  of  patients 
it  appeared  to  predominate,  but  usually  such  other  organisms  as  streptococci, 
staphylococci,  spirochetes,  fusifoim  bacilli,  and  other  less  common  micro¬ 
organisms  Avere  also  identified.  Actinomyces  Avas  found  in  the  sputum  in  all 
109  cases  by  direct  examination  and  by  culture,  in  s]3ecimens  secured  by  bron¬ 
choscopy  in  65  cases,  in  exudate  aspirated  from  lung  abscesses  in  6  cases,  and 
in  drainage  from  sinus  tracts  in  2  patients  Avith  empyema  secondary  to  pul¬ 
monary  suppuration.  The  65  patients  from  Avhom  the  organisms  Avere  cultured 
from  bronchoscopic  specimens  included  37  AAuth  bronchiectasis  and  pneumonitis 
of  varying  degrees  of  severity,  8  Avith  lung  abscess,  5  Avith  pulmonary  siip- 
puration,  5  Avith  aspiration  j)neumonia,  2  Avith  suppuration  distal  to  obstructing 
carcinoma,  and  8  Avith  chronic  bronchitis. 

These  findings  at  first  caused  considerable  concern  among  medical  officers 
AAdiose  preAUous  experience  Avith  this  condition  had  been  limited  to  isolated 
cases.  There  Avas  debate  as  to  Avhether  these  cases  should  be  considered 
as  instances  of  bronchopulmonary  actinomycosis  or  as  instances  of  broncho¬ 
pulmonary  suiApuration  in  Avhich  the  ray  fungus  Avas  present  among  other 
infecting  organisms.  As  experience  accumulated,  it  Avas  eAudent  that  the 
clinical  significance  of  Actinomyces  Avas  far  less  than  had  originally  been 
feared.  The  clinical  course  and  the  response  to  surgery  and  chemotherapeutic 
measures  did  not  seem  to  be  influenced  by  its  presence  or  absence;  chronic 
pulmonary  suppuration  is  a  very  chronic  condition  per  se. 

The  precautions  originally  taken  Avhen  Actinomyces  Avas  identified  in¬ 
cluded  increased  dosages  of  the  sulfonamides  and  penicillin  before  drainage 
operations  and,  in  a  number  of  instances,  postponement  of  the  indicated  sur¬ 
gery,  for  fear  of  development  of  a  chronic  draining  sinus  and  empyema  after 
lobectomy.  In  no  instance  did  this  happen.  The  fungus  Avas  isolated  in  the 
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pleural  fluid  of  one  patient  after  pneumonectomy,  but  it  promptly  disappeared 
when  intrapleural  injections  of  penicillin  and  sulfadiazine  were  used.  In  other 
words,  as  time  passed,  it  became  evident  that  this  fungus  was  of  less  signifi¬ 
cance  in  the  clinical  course,  clironicity,  and  prognosis  of  pulmonary  and  pleural 
infections  tlian  the  mechanical  factors  of  bronchial  occlusion  or  drainage,  tissue 
destruction,  fibrosis,  and  avascularity.  Patients  who  presented  these  findings 
were  just  as  resistant  to  conservative  therapy  as  were  patients  who  harbored 
Actmo772yces. 

Management 

The  response  to  treatment  depended  upon  the  clironicity  and  the  severity 
of  the  infection.  Penicillin  and  sulfadiazine,  used  in  combination  and  in 
large  doses,  gave  the  best  results,  but  it  was  important  that  they  be  continued 
well  beyond  clinical  improvement  and  roentgenologic  clearance;  otherwise, 
recurrence  was  certain.  The  routine  of  treatment  required  the  injection  of 
50,000  units  of  penicillin  intramuscularly  every  3  hours  for  8  to  12  weeks  or 
longer,  and  the  maintenance  of  a  sulfadiazine  blood  level  of  10  mg.  percent. 
It  was  thought  that  streptomycin  might  prove  even  more  effective,  but  the 
evidence  was  inconclusive  when  the  survey  ended. 

If  cavitation  was  present,  the  routine  just  described  was  considerably  less 
effective;  the  patients  were  improved  symptomatically,  and  there  was  clearing 
of  pneumonitis  about  the  cavity,  but  the  basic  disease  was  not  affected. 
Lobectomy  was  required  in  two  cases  in  this  series  in  which  medical  treatment 
failed  and  drainage  Avas  also  unsatisfactory,  and  pneumonectomy  Avas  necessary 
in  tAvo  similar  cases.  It  Avas  tliought  that  one  or  the  other  of  these  procedures 
Avould  also  be  necessary  in  other  cases. 

SPONTANEOUS  PNEUMOTHORAX  OF  NONTUBERCULOUS  ORIGIN 

Spontaneous  pneumothorax  of  nontuberculous  origin  Avas  obserA^ed  at  all 
cliest  centers.  Colonel  Meade  and  Colonel  Blades  (4-)  analyzed  the  18  cases 
jointly  observed  at  the  chest  centers  at  Kennedy  General  Hospital  and  Walter 
Reed  General  Plospital.  Eight  of  the  pneumothoraces  Avere  recurrent,  eleven 
AA^ere  chronic,  and  all  Avere  cuicd  by  surgery.  In  3  of  the  18  cases,  no  etiologic 
factor  could  be  determined.  In  the  remaining  cases,  rupture  of  peripheral 
emphysematous  blebs  and  bronchogenic  cysts  Avas  the  most  frequent  cause. 

The  policy  Avas  to  perform  open  thoracotomy  on  any  patient  Avho  did  not 
respond  promptly  to  simple  aspiration  of  air  or  induction  of  a  chemical  pleu- 
ritis.  The  procedures  employed  included  excision  of  blebs  and  cysts;  closure 
of  fistulas;  division  of  isolated  adhesions;  lobectomy;  and  pulmonary  decor¬ 
tication,  Avhicli  Avas  necessary  in  fiA^e  cases  before  satisfactory  reexpansion  of 
the  lung  Avas  accomplished.  Open  operation  Avas  employed  in  all  cases,  so 
that  the  underlying  cause  could  be  dealt  with  and  decortication  performed  if 
reexpansion  Avas  not  satisfactory. 
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MALIGNANT  NEOPLASMS 
Incidence 

Figures  collected  the  Medical  Statistics  Division,  Office  of  The  Surgeon 
General,  for  1944  and  1945  (table  IT)  show  a  total  of  205  primaiw  admissions 
for  malignant  neoplasms  of  the  thorax,  of  which  140  were  in  the  lung  and  the 
bronchus.  Another  45  admissions  were  recorded  for  secondary  malignancy 
of  the  thoracic  structures.  No  instances  of  malignant  neoplasm  of  the  trachea 
Avere  recorded  during  this  period.  Though  the  total  number  of  cases  is  small, 
a  wide  A^ariety  of  histologic  j^atterns  is  represented  (table  18) . 

There  Avere  141  deaths  in  the  205  primary  malignant  neoplasms,  83  of 
AYhich  occurred  in  the  Zone  of  Interior  (table  19).  Men  Avhose  disease  was 
discoA^ered  ov^erseas  Avere  eA^acuated  to  the  United  States  at  once. 

While  the  figures  represent  only  the  1944^5  period,  it  is  possible  that  both 
the  141  deaths  and  the  53  disability  separations  recorded  for  the  2  years  include 
some  patients  admitted  before  1944.  As  to  the  remaining  11  patients  not  in¬ 
cluded  in  the  deaths  and  disability  separations,  it  is  highly  probable  that  some 
died  after  separation  from  service. 

Neoplasms  of  the  lymphatic  and  heraatopoietic  tissue  are  not  included  in 
these  tables,  but  some  figures  (based  on  20  percent  samples)  are  available. 
During  the  1944-45  period,  there  Avere : 

35  primary  and  5  secondary  admissions  for  neoplasms  of  the  mediastinum, 
Avith  3  deaths  and  10  disability  separations. 

5  primary  admissions  for  neoplasms  of  the  laryiix,  with  1  death  and  1 
disability  separation. 

Tavo  deaths  and  three  disability  separations  for  this  category  of  pulmonary 
neoplasms  AA^ere  also  recorded  during  1944-45. 

Carcinoma  of  the  Lung  and  the  Esophagus 

No  special  discussion  of  carcinoma  of  the  lung  during  the  Avar  is  called 
for.  The  manifestations  Avere  the  same  as  in  ciAulian  life,  most  of  the  tumors 
being  inoperable  by  the  time  the  diagnosis  AA^as  made.  A  number  of  highly 
malignant  periplieral  bronchogenic  cancers  gave  no  Avarning  of  their  presence 
until  metastases  contraindicated  even  palliatNe  surgery.  Eesults  Avere  only 
slightly  better  in  a  smaller  group  of  older  patients  AAdiose  tumors  Avere  centrally 
located  and  of  the  squamous  cell  type, 

Hoav  discouraging  the  results  of  treatment  Avere  in  carcinoma  of  the  lung 
is  evident  in  the  1945  report  from  Fitzsimons  General  Hospital :  Of  10  bron¬ 
chogenic  carcinomas  observed  that  year,  T  Avere  inoperable  Avhen  the  diagnosis 
Avas  made,  and  irradiation  Avas  completely  ineffective;  all  T  patients  died 
promptly.  Of  the  three  Avho  underAvent  pneumonectomy,  one  died  of  extensive 
metastases  aiid  one  of  pneumonia  in  the  remaining  lung  3  months  after  opera¬ 
tion.  The  third  patient  in  this  group  Avas  still  in  the  hospital  undergoing 
irradiation  AAdien  the  report  Avas  made. 
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Table  11.— Incidence  of  malignant  neoplasms^  of  the  respiratory  system  {ly  anatomic 
site)  and  of  the  esophagus,  hy  area  of  admission,  U.S.  Army,  19U~45 

[Preliminary  data  based  on  20  percent  sample  tabulations  of  individual  medical  records] 


Area 

Site  of  malignant  ncoplas 

n 

Lung 

j  Bronchus 

Pleura 

Mediastinum 

Larynx 

Esophagus 

NUMBER  OF  ADMISSIONS 

Continental  United  States 

75 

15 

25 

5 

Overseas: 

Europe _ _ 

25 

10 

5 

10 

Southwest  Pacific 

10 

Central  and  South  Pacific  _  _ 

5 

5 

5 

5 

Latin  America _ _ 

5 

Total  overseas,  _ 

40 

10 

5 

15 

15 

Total  Armv,  _  „ 

115 

25 

5 

15 

40 

r. 

NUMBER 

OF  SECONDARY  CASES  2 

Continental  United  States,,  , 

10 

Overseas: 

Europe,  _  _ 

10 

5 

5 

Mediterranean  ^ _ 

5 

5 

Central  and  South  Pacific 

5 

Total  overseas  _ 

20 

5 

5 

5 

Total  Armv  , 

30 

5 

5 

5 

^  Neoplastic  conditions  of  lymphoid  and  hematopoietic  tissues  are  excluded. 

2  Ten  secondary  cases  of  malignant  neoplasm  of  lung  were  reported  among  battle  admissions — 5  each  in  the  European 
and  the  Central  and  South  Pacific  theaters;  all  other  secondary  cases  were  reported  among  disease  admissions. 

3  Includes  North  Africa. 


The  outlook  in  malignant  lesions  of  the  esophagus  was  equally  poor.  In 
seven  carcinomas  observed  at  the  Kennedy  General  Hospital  chest  center,  three 
were  found  to  be  inoperable  in  exploration.  Three  were  treated  by  resection 
with  anastomosis,  and  the  remaining  patient  underwent,  respectively,  total 
gastrectomy,'  transverse  colectomy;  and  esophagojej unostomy,  a  procedure 
which  almost  implies  a  fatal  outcome. 
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Table  18. — MorMdity  and  mortality  from  malignant  neoplasms  ^  of  the  respiratory  system 
(hy  anatomie  site)  and  of  the  esophagus,  hy  histologic  type  and  type  of  case, 

U.S.  Army,  J9U-45 

[Preliminary  data  based  on  tabulations  of  individual  medical  records] " 


Anatomic  site  and  histologic  type 

Admissions 

Secondary 

cases 

Deaths  3 

Disability 

separations 

Lung : 

Cf)rf*innma 

100 

25 

77 

19 

5 

1 

5 

1 

1 

10 

6 

Total _ 

115 

30 

86 

19 

Bronchus : 

Carcinoma  _  -  - 

20 

5 

26 

4 

5 

1 

Total _ 

25 

5 

27 

4 

Pleura : 

5 

1 

1 

1 

Alesothelioma _ _  _  - 

5 

Total _ 

5 

5 

1 

2 

Mediastinum: 

5 

5 

1 

5 

2 

Alalignant  tumor,  unspecified 

5 

9 

6 

Total _ 

15 

16 

7 

Larynx : 

Carcinoma  _  _ 

30 

5 

3 

15 

1 

1 

5 

1 

5 

Total _ 

40 

5 

4 

17 

Esophagus: 

Carcinoma  _  _  __  _ 

5 

7 

4 

Tnt.ftl  _ 

5 

7 

4 

Cmnd  total  _ 

205 

45 

141 

53 

1  Neoplastic  conditions  of  lymphoid  and  hematopoietic  tissues  are  excluded. 

2  Admissions  and  secondary  cases  are  based  on  20-percent  samples;  deaths  and  disability  separations  are  based  on 
complete  files  of  the  records. 

3  These  are  all  deaths  due  to  the  conditions  indicated  which  occurred  during  1944-45. 

*  Tliese  are  all  cases  separated  from  the  service  during  1944-45  because  of  disability  from  the  conditions  indicated. 
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Table  1^ —Deaths  due  to  ^naUgnayit  neoplasms^  of  the  respiratory  system  (hy  anatomic 
site)  and  of  the  esophagus,  hy  area  of  admission,  U..S.  Army,  19U-/,5~ 

[Preliminary  data  l)ascd  on  talmlations  of  individual  medical  records] 


Area 

! 

Malignant  neoplasms  in- 

- 

Hespiratory  system,  by  anatomic  site 

Esophagus 

Lung 

1  Broncluis 

Pleura 

1  Mediastinum 

Larynx 

Continental  United  States 

55 

14 

! 

i  T 

3 

4 

OA'erseas : 

Europe 

12 

() 

9 

1 

1 

Mediterranean  ^ 

8 

1 

1 

1 

Middle  East 

1 

China-Burma-India _ _ _ 

1 

1 

Southwest  Pacific 

5 

9 

Central  and  South  Pacific 

3 

1 

1 

^  3 

1 

North  America  ^ 

1 

1 

Latin  America 

9 

1 

Total  overseas  _ . 

31 

13 

1 

9 

1 

3 

Total  Army 

86 

27 

1 

16 

4 

7 

1  Neoplastic  conditions  of  lymphoid  and  iiematopoietic  tissues  are  excluded. 

-  These  are  all  deatlis  due  to  tlio  conditions  indicated  wliich  occurred  durina  1944-45. 
^  Includes  North  Africa. 

“  Includes  Alaska  and  Iceland. 

Includes  one  death  among  admissions  on  transports. 


Tumors  of  the  Mediastinum 

Diirino-  the  3-year  period  of  their  activity,  109  patients  with  mediastinal 
tumors  were  operated  on  at  tlie  five  thoracic  centers  in  the  Zone  of  Interior. 
The  hguies  collected  by  Colonel  Blades  (-5)  include  only  the  cases  in  Avhicli 
the  chest  was  explored  because  of  sjunptoms  or  because  of  the  discovery  of  a 
mediastinal  mass  on  routine  roentgenologic  examination,  which  was  the  pri¬ 
mary  means  of  diagnosis  in  94  of  the  109  cases. 

Five  of  the  masses  proved  to  be  aneurysms,  not  neoplasms.  Of  the  104 
true  tumors,  15  Avere  malignant  and  89  Avere  benic'n. 

The  malignant  group  included  six  teratomas,  tAvo  thymomas,  tAvo  lympho¬ 
blastomas,  and  one  neurosarcoma.  It  also  included  four  instances  of  Hodgkin’s 
disease,  in  three  of  AAdiich  the  diagnosis  Avas  not  realized  until  histologic  exami¬ 
nation  of  tlie  specimen.  In  oue  case,  the  tumor  ]iad  invaded  the  upper  lobe 
of  the  lung,  and  lobectomy  aatis  necessary  for  its  remoATil.  Surgical  inteiwen- 
tion  Avould  not  liave  been  undertaken  deliberately  in  any  of  these  cases  if  the 
true  nature  of  tlie  tumor  had  been  established  before  operation.  Short-term 
observation,  liOAveA^er,  sIiOAved  that  the  patients  liad  not  been  liaimed  by  removal 
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of  tlie  \  isible  tumors,  and  there  was  some  evidence  that  they  might  liave  been 
benefited. 

Exclusive  of  the  4  instances  of  Hodgkiirs  disease  and  the  5  aneurysms  just 
mentioned,  the  essential  data  in  the  remaining  100  cases  were  as  follows : 

Bronchogenic  cysts. — There  were  23  bronchogenic  cysts  in  this  series,  a 
surprisingly  large  number  considering  the  fact  that  uj^^  to  1945,  according  to 
Laipply  (6') ,  only  35  had  been  recorded. 

Only  2  of  the  23  patients  had  clinical  manifestations.  In  the  remainder, 
the  mass  was  found  on  roentgenologic  examination.  Even  with  detailed 
studies,  the  true  nature  of  the  masses  was  difficult  to  establish.  On  the  frontal 
projection,  they  suggested  either  teratoid  tumors  or  primary  nerve  tumors. 
On  tlie  lateral  view,  the  shadow  was  not  so  distinct  as  in  teratoid  tumors,  and 
tlie  extreme  posterioi*  position  characteristic  of  most  primary  nerve  tumors 
Avas  not  evident.  Since  most  bronchogenic  cysts  are  attached  to  the  trachea 
(most  often  near  the  traclieal  bifurcation  in  the  superior  mediastinum),  tlie 
mass  moved  during  SAvalloAving,  as  could  be  demonstrated  b}^  fluoroscopic 
examination,  AAffiich  Avas  of  some  diagnostic  assistance.  A  patent  lumen  com¬ 
municating  Avith  the  trachea  or  a  bronchus  Avas  not  demonstrable  in  any  case. 

There  Avere  tAvo  sound  reasons  for  advising  the  surgical  remoAuil  of  bron¬ 
chogenic  cysts  even  if  they  Avere  asymptomatic : 

1.  There  Avas  no  reliable  method,  except  surgical  exploration,  for  deter¬ 
mining  the  true  nature  of  the  tumor.  Many  neoplasms  of  the  mediastinum 
Avith  grave  malignant  potentialities  resemble  bronchogenic  cysts  on  roentgeno¬ 
logic  examination.  Moreover,  since  bronchogenic  lesions  are  considered  as 
cell  rests,  there  is  no  assurance  that  malignant  changes  Avill  not  occur  in  them. 

2.  Bronchogenic  cysts  may  become  infected.  If  they  do,  operative  inter¬ 
ference  is  necessary,  and  technical  difficulties  at  this  time  may  be  considerable. 
Also,  cysts  Avhicli  are  presently  asymptomatic  may  increase  in  size  and  produce 
later  pressure  and  other  symptoms. 

Teratoid  tumors. — TAA-enty  of  the  tumors  in  this  series  were  teratoid,  to 
use  the  inclusAe  nomenclature  suggested  by  Harrington  (7).  Fourteen  Avere 
benign  and  Avere  removed  Avithout  difficulty.  AdA^anced  changes  Avere  evident 
in  the  six  malignant  groAvths.  Only  surgical  extirpation  can  be  considered 
for  these  tumors,  because  of  the  risk  of  malignant  degeneration. 

Up  to  1945,  close  to  250  teratoid  tumors  had  been  reported  in  the  medical 
literature  (6"),  and  they  ai’e  the  most  common  lesions  of  the  anterior  medias¬ 
tinum.  In  the  collected  cases,  only  three  Avere  in  other  locations.  The  number 
observed  in  the  chest  centers  during  World  War  II  Avould  undoubtedly  have 
been  larger  except  that  these  tumors  produce  sharp  shadoAvs  and  are  so  easily 
detected  by  roentgenogram  that  most  men  Avho  harbored  them  Avere  probably 
identified  at  the  p  re  induction  examination  and  AA^ere  rejected  for  service. 

Neurogenic  tumors. — The  29  benign  primary  nerve  tumors  of  the  medi¬ 
astinum  observed  in  this  series  included  chiefly  neurofibromas,  ganglioneuromas, 
and  sympathicoblastomas.  Up  to  1944,  105  of  these  tumors  had  been  collected 
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by  Kent  and  his  associates  (5),  all  but  2  of  which  were  located  posteriorly. 
In  their  series,  37  percent  of  the  tumors  had  undergone  malignant  change, 
which  makes  clear  A\diy  surgical  excision  is  the  correct  treatment  as  soon  as 
the  tumor  becomes  evident. 

One  patient  with  a  neurogenic  sarcoma  was  explored,  but  invasion  of  the 
surrounding  structures  precluded  its  removal.  All  the  other  tumors  were 
excised. 

Pericardial  cysts. — The  10  pericardial  cysts  in  the  series  were  all  dis¬ 
covered  on  routine  roentgenologic  examination.  Except  for  their  characteris¬ 
tically  anterior  location,  there  is  nothing  to  ditferentiate  these  cysts  from  other 
mediastinal  tumors,  and  surgical  excision  is  the  only  way  to  establish  their 
character. 

Thymomas. — Four  of  the  six  patients  with  thymomas,  t.Avo  of  which  were 
malignant,  had  no  symptoms  referable  to  the  mass.  In  one  case,  in  which  the 
patient  liad  advanced  myasthenia  gravis,  it  was  impossible  to  remove  the  malig¬ 
nant  mass  completely. 

Lipomas. — Only  4  lipomas  Avere  encountered,  Avhicli  is  not  surprising, 
since  less  than  40  mediastinal  tumors  of  this  tA-pe  could  be  collected  bA"  IVatson 
and  Urban  (9)  in  1944. 

Other  tumors. — Other  mediastinal  tumors  in  this  series  included  one  fi¬ 
broma,  Avhich  Avas  probably  a  neurofibroma ;  one  thyroid  adenoma :  one  cyst 
arising  from  the  esophagus;  one  osteochondroma;  one  Boeck's  sarcoid,  diag¬ 
nosed  by  biopsy  of  tissue  at  the  hilus;  and  tAvo  tuberculomas. 

Comment. — There  Avas  not  complete  agreement  among  the  surgeons  at  the 
cliest  centers  as  to  the  best  exposure  for  mediastinal  tumors.  Some  routinely 
employed  a  posterolateral  exposure;  others  jDreferred  an  anterior  approach  if 
the  location  of  the  tumor  made  it  logical.  The  technique  employed  usually 
reflected  the  early  training  AAdiich  the  surgeon  had  receUed.  On  one  point  there 
was  general  agreement,  that  if  difficulties  Avere  anticipated,  a  lateral  or  pos¬ 
terolateral  incision  should  be  used. 

Before  World  War  II,  tumors  of  the  mediastinum  Avere  frequently  treated 
by  irradiation,  surgery  being  resorted  to  only  if  satisfactory  results  Avere  not 
accomplished.  This  Avas  iieA^er  a  safe  or  a  desirable  plan.  As  has  been  pointed 
out  several  times  in  this  brief  analysis  of  the  109  mediastinal  masses  treated 
at  the  chest  centers  in  the  Zone  of  Interior  during  World  War  II,  it  is  not 
possible,  in  most  instances,  to  determine  the  true  character  of  a  mediastinal 
tumor  Avithout  direct  inspection  at  operation.  If  operation  is  delayed  until 
sjunptoms  and  signs  become  apparent,  the  chance  for  successful  extirpation 
Avill  frequently  have  been  lost. 

The  reasoning  behind  the  use  of  irradiation  in  preference  to  exploration 
Avas  the  risk  originally  attendant  upon  exploratoiy  thoracotomy.  This  risk 
ceased  to  exist  Avhen  refinements  in  surgical  and  anesthetic  techniques  made 
exploration  of  the  chest  safe.  Bisks  Avere  negligible  in  the  chest  centers  during 
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World  War  II.  Errors  in  diagnosis  occasionally  occurred,  and  a  few  tumors 
were  operated  on  which  might  have  responded  to  irradiation,  but  the  danger 
to  the  patients  was  slight  compared  to  the  harmful  potentialities  of  prolonged 
and  ineffective  irradiation.  Irradiation  will  not  reduce  the  size,  or  halt  the 
malignant  degeneration,  of  these  tumors  unless  they  are  of  lymphatic  origin, 
and  surgery  is  more  dangerous  and  more  difficult  after  prolonged  use  of  X-rays. 

The  results  in  this  series  justif}^  the  management  of  mediastinal  tumors  by 
prompt  exploration  of  the  chest.  There  were  no  deaths  that  could  be  attributed 
to  the  operation  and  no  postoperative  complications  in  the  cases  in  which  only 
exploration  and  biopsy  were  performed.  Suppurative  pleuritis  developed  in 
three  cases  in  which  a  tumor  was  removed,  but  adequate  drainage  was  followed 
by  prompt  healing.  In  one  of  these  cases,  it  had  been  necessary  to  remove  an 
infected  right  middle  lobe  that  had  been  eroded  by  a  teratoma. 


LESIONS  OF  THE  ESOPHAGUS 

In  addition  to  the  seven  malig-nant  tumors  of  the  esophagus  treated  at 
Kennedy  General  Hospital,  Major  Kay^s  {10)  survey  of  esophageal  lesions  at 
that  center  included: 

2  benign  new  growths  (neurofibroma  and  leiomyoma). 

5  cysts  (2  dermoid,  1  bronchogenic). 

9  diverticula  (4  traction,  3  pulsion,  1  epiphrenic). 

I  varix  (too  extensive  for  treatment). 

9  hiatal  hernias  (5  treated  surgically). 

4  paraesophageal  hernias  (1  treated  surgically). 

20  cardiospasms  (11  treated  surgically). 

II  obstructions  due  to  extrinsic  tumors,  cysts,  aneurysms  and  tuberculous 
nodes  (all  treated  by  measures  directed  to  the  extrinsic  lesion). 

8  congenitally  short  esophagi  (3  associated  with  stricture  and  4  with  ulcer) . 

18  strictures  (11  due  to  ingestion  of  “sabotaged  alcoholic  beverages  con¬ 
sumed  accidentally  overseas,”  and  3  to  attempts  at  suicide). 

24  traumatic  injuries  and  war  wounds  (fistulas,  abscesses,  strictures,  re¬ 
tained  foreign  bodies). 

Management  of  all  of  these  lesions  followed  the  policies  general  in  civilian 
practice.  There  was  only  1  death  in  the  42  major  operations  performed. 

References 

1.  Kay,  E.  B.,  Meade,  R.  H.,  Jr,,  and  Hughes,  F.  A.,  Jr. :  Surgical  Treatment  of  Bron¬ 
chiectasis.  Ann.  Int.  Med.  26: 1-12,  January  1947. 

2.  War  Department  Technical  Bulletin  (TB  MED)  69,  22  July  1944.  Notes  on  Certain 
Diseases  of  the  Chest. 

3.  Kay,  E.  B. :  Bronchopulmonary  Actinomycosis.  Ann.  Int.  Med.  26 :  581-593,  April 
1947. 


440 


THORACIC  SURGERY 


4.  Meade,  R.  H.,  Jr.,  and  Blades,  B.  B. :  The  Surgical  Treatment  of  Recurrent  and 
Chronic  Spontaneous  Pneumothorax  of  Xontuberciiloiis  Origin.  Am.  Rev.  Tuberc.  CO:  083- 
GOS,  December  1949. 

.1.  Blades.  B. ;  Mediastinal  Tumors.  Report  of  Cases  Treated  at  Army  Thoracic  Sur¬ 
gery  Centers  in  the  United  States.  Ann.  Siirg.  123  :  T49-TG5,  May  1940. 

0.  Laipply,  T.  C. :  Cysts  and  Cystic  Tumors  of  the  ^Mediastinum.  Arch.  Path.  39  ;  153- 
101,  :March  1945. 

T.  Harrington,  S.  W. :  Surgical  Treatment  in  Eleven  Cases  of  Atediastinal  and  Intra- 
thoracic  Teratomas.  J.  Thoracic  Surg.  3:50-72,  October  1933. 

s.  Kent,  E.  jM.,  Blades,  B.,  Valle,  A.  R.,  and  Graham,  E.  A. :  Iiitrathoracic  Xhmrogenic 
Tumors.  J.  Thoracic  Surg.  13:11()-1G1,  April  1944. 

9.  Watson.  W.  L.,  and  Urban,  J.  A.:  Mediastinal  Lipoma:  A  Case  Report.  J.  Thoracic 
Surg.  13  : 16-29,  February  1944. 

10.  Kay,  E.  B. :  Surgical  Lesions  of  the  Esophagus  Seen  in  an  Army  Thoracic  Surgery 
Center.  J.  Thoracic  Surg.  10:207-214,  June  1947. 


CHAPTER  XI 


Long-Term  (1943-61)  Followup  Studies  in  Com- 
bat-Ineurred  Thoracie  Wounds 

Lyman  A.  Breiver  III,  M,D. 

Followup  information  is  as  notably  deficient  concerning  casualties  Avitli 
combat-incurred  Avounds  of  the  chest  as  it  is  concerning  most  other  casualties. 
There  are  almost  no  studies  of  this  kind  in  the  medicomilitary  literature, 
AAdiich  is  extremely  unfortunate,  for  it  makes  it  impossible  to  determine  the 
true  end  results  of  any  giA-en  plan  of  management. 

Up  to  March  19-44,  chest  Avounds  sustained  in  the  Mediterranean  (formerly 
iNmrtli  African)  Theater  of  Operations,  U.S.  Army,  in  World  War  II  Avere 
treated  accordiug  to  the  personal  policies  of  the  surgeon  AAdao  handled  the  par¬ 
ticular  patient.  After  this  date,  thoracic  casualties  Avere  treated  by  a  specific 
regimen  that  differed,  in  many  respects,  from  the  policies  employed  earlier. 

The  hwestigation  reported  in  this  chapter  Avas  undertaken  in  an  attempt 
to  trace  the  postAvar  course  of  a  group  of  casualties  AAdio  had  sustained  chest 
injuries  in  the  Mediterranean  theater  and  aaTio  had  all  been  treated  (1)  in  for- 
Avard  hospitals,  (2)  under  the  direction  of  a  single  surgeon  and  his  assistants, 
(3)  by  the  specific  regimen  just  mentioned.  This  group  of  patients  AA^as  fol- 
loAved  into  the  hospitals  of  the  communications  zone  and  the  Zone  of  Interior, 
and  some  of  them  ay  ere  folloAved  up  for  varying  periods  of  time,  up  to  Feb¬ 
ruary  1961,  after  their  separation  from  service. 

BACKGROUND  OF  STUDY 

In  the  summer  of  1943,  during  the  Sicilian  campaign,  studies  at  the  thoracic 
surgery  center  at  Bizerte,  North  Africa,  on  casualties  returning  from  foinvard 
areas  revealed  a  high  mortality  rate  and  a  considerable  morbidity  among  the 
group  treated  by  thoracotomy  at  initial  Avound  surgery.  The  impression  arose 
that  this  operation  Avas  being  performed  on  unnecessary  indications  in  foinvard 
hospitals  and  that  its  promiscuous  use  Avas  haAdng  an  adverse  effect  on  the  results 
of  chest  injuries. 

On  the  basis  of  these  impressions,  Col.  EdAvard  D.  Churchill,  MC,  Con¬ 
sultant  in  Surgery  to  the  theater  surgeon,  detached  Capt.  (later  Maj.)  Lyman 
A.  BreAver  III,  MC,  from  his  duties  at  the  Bizerte  chest  center  and  assigned 
him  to  the  forAvard  hospitals  supporting  the  landings  at  Salerno  in  September 
74G-94V— G5— 31  441 
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1943.  Plis  mission  was  to  study  the  problems  of  foiward  surgeiy  in  thoracic 
injuries  and  to  continue  the  investigation  as  the  troops  advanced  into  Italy. 

Two  facts  promptly  became  apparent  to  Captain  Brewer : 

1.  Thoracotomies  were  indeed  being  performed  unnecessarily  in  foiuvard 
hospitals  as  part  of  initial  wound  surgery. 

2.  In  spite  of  this  fact,  the  indications  for  thoracotomy  in  forward  hospi¬ 
tals  could  be  very  sharply  defined. 

At  a  conference  of  thoracic  surgeons  called,  and  presided  over,  by  Colonel 
Churchill  in  March  1944,  at  Marcianese  (vol.  I),  the  results  of  Captain  Brew¬ 
er’s  investigations  were  reported.  At  this  meeting,  the  indications  for  pri¬ 
mary  thoracotomy  in  forward  hospitals  were  defined,  and  the  so-called  limited 
approach  to  this  operation  thereafter  became  the  prescribed  policy  in  the 
Mediterranean  theater. 

This  followup  study  had  its  genesis  diTring  the  war,  when  Captain  Brewer 
took  upon  himself  the  task  of  keeping  duplicate  individual  records  for  all  cas¬ 
ualties  with  thoracic  injuries  treated  by  him  as  head  of  Thoracic  Surgical  Team 
Xo.  4,  2d  Auxiliary  Surgical  Group.  The  team  consisted  of  Captain  Brewer; 
Capt.  Charles  A.  Schiff,  MC;  Capt.  Werner  F.  A.  Iloeflich,  MC;  and  1st  Lt. 
Catherine  Y.  Elliott,  AKC. 

Team  No.  4  served  first  with  the  Fifth  U.S,  Arm}-  in  Italy  and  then  with 
the  Seventh  IJ.S.  Army  in  France,  Germany,  and  Austria.  This  army  origi¬ 
nated  in  the  Mediterranean  theater  and  remained  under  its  operational  control 
for  the  landings  in  southern  France  in  August  1944  and  during  the  first  part 
of  the  campaigii  in  France.  In  December  1944,  it  2:)assed  to  the  logistic  con¬ 
trol  of  the  European  theater. 

The  team  served  in  forward  hospitals  during  the  landings  at  Salerno  in 
September  1943  and  the  campaign  in  Itaty,  the  landings  at  Saint-Eaphael  and 
the  campaign  in  southern  France,  and  then  during  the  camj)aigns  in  Germany 
and  Austria  until  A^-E  Day  in  May  1945.  It  was  varioiisly  attached  to  the 
94th  Evacuation  Plospital  (Salerno  to  Cassino),  the  lltli  Field  PIosx)ital  (Cas- 
sino),  the  lltli  Evacuation  Hospital  (Anzio  to  Civitavecchia),  the  lltli  Field 
Hospital  (from  the  D-day  landings  at  Saint-Iiaphael  into  eastern  France), 
the  66th  Field  Hospital  (A^osges  Mountains) ,  and  the  80th  Field  Hospital  (Ger¬ 
many  and  Austria). 

The  casualties  were  thus  encountered,  and  the  surgeons  worked,  under  a 
wide  variety  of  conditions  of  climate  and  terrain,  in  Italy,  France,  German}^, 
and  Austria,  at  all  seasons,  and  from  beachheads  to  mountains. 

MATERIALS  AND  METHODS 

Although  Ala j or  Brewer  and  his  team  had  personally  treated  more  than 
1,000  casualties  with  combat-incurred  wounds,  only  822  had  wounds  of  the  chest, 
and  only  372  of  these  were  treated  in  forward  hospitals.  Of  the  210  patients 
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whose  histories  were  reviewed  when  this  analysis  was  undertaken,  only  167 
had  sufficiently  detailed  records  to  make  followup  investigation  of  any  real 
value. 

There  are  numerous  problems  connected  with  such  an  investigation.  The 
tracking  down  of  a  large  number  of  fonner  soldiers  for  varying  periods  of 
time  (from  3  to  17  years)  after  the  termination  of  hostilities  and  their  return 
to  civilian  life  was  not  simple.  It  was  impossible,  in  fact,  to  follow  the  majority 
because  of  the  general  movement  of  the  population  that  now  seems  part  of 
the  way  of  life  in  the  United  States.  Had  all  of  these  men  reported  for  further 
treatment  to  VA  (Veterans’  Administration)  clmics  and  hospitals,  there  would 
have  been  no  problem.  Most  of  them  did  not.  As  will  be  pointed  out  later, 
their  failure  to  seek  medical  advice  is  probably  a  reflection  of  the  fact  that  most 
of  them  did  not  think  that  they  needed  it. 

The  Veterans’  Administration,  however,  is  the  most  obvious  source  of  help 
in  an  undertaking  of  this  kind,  and  with  few  exceptions,  the  men  followed  up 
in  this  series  after  separation  from  service  are  those  who  reported  to  \  A  hos¬ 
pitals  and  clinics,  either  because  they  were  disturbed  over  their  status  or  because 
they  were  actually  in  need  of  treatment. 

Whatever  success  was  achieved  in  this  investigation  is  attributed  to  three 

agencies : 

The  project  was  initiated  with  tlie  complete  cooperation,  and  had  the  as¬ 
sistance  throughout,  of  The  Historical  Unit,  U.S.  Army  Medical  Service,  a 
class  II  activity  of  The  Surgeon  General,  Department  of  the  Army,  under 
wliose  direction  the  volumes  in  this  historical  series  are  being  prepared. 

It  also  had  the  complete  cooperation  of  the  Veterans’  Administration  and 
of  the  Federal  Eecords  Center,  General  Services  Administration,  St.  Louis, 
Mo.  (formerly  the  Army  Eecords  Center).  Through  the  painstaking  efforts 
of  the  personnel  of  these  two  agencies,  records  were  collected  fium  numerous 
sources  and  were  forwarded  to  the  study  center  in  the  VA  Eegional  Office  in 
Los  Angeles,  Calif 

In  some  instances,  these  records  were  well  over  an  inch  thick.  A  great 
deal  of  the  material  included  in  them  consisted  of  correspondence  concerning 
disability  claims,  pensions,  and  similar  matters,  but  when  it  was  winnowed, 
it  contained  sufficient  medical  evidence  to  make  good  followup  studies  possible 
in  167  patients. 

In  a  number  of  cases,  additional  followup  material  was  obtained  by 
direct  correspondence  with  the  veterans  themselves.  This  method  made  it 
possible  to  obtain  firsthand,  personal  reports  of  their  current  status  and  also 
to  secure  current  roentgenograms. 

1  It  should  be  added  that  this  truly  unique  investigation  was  the  concept  of  Dr.  Lyman  A,  Brewer 
III,  and  that  it  was  through  his  vigorous  personal  efforts  that  it  was  brought  to  a  successful 
conclusion.— F.  B.  B. 
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Figure  195. — Punclicarcl  designed  to  secure  data  in  long-term  followup  of  veterans  with 
combat-incurred  wounds  of  chest.  Top,  front.  Bottom,  back. 
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BASIC  DATA 

TIm;  daia  were  collected  on  piinclicards  especially  made  up  for  the-  project 
(fig.  195). 

The  age  range  of  the  167  casualties  was  from  18  to  39  years.  Of  tliis 
nninber,  16  were  in  tlie  18-  to  19-year  group,  118  in  the  :10-  to  :29-year  gnonp, 
and  tlie  remainder  (33)  in  the  30-  to  39-year  group. 

In  131  instances,  the  wounding  agents  were  shell  fragments  and  in  36, 
gunshot. 

Both  in  age  distribution  and  in  wounding  agents,  therefore,  the  patients 
in  this  series  are  representative  of  all  types  of  combat  casualties  in  orld  'War 

11. 

THERAPEUTIC  CLASSIFICATION 

The  167  patients  were  studied  in  two  groups,  according  to  their  manage¬ 
ment  in  f  orAvard  hospital  s,  as  f  oIIoays  : 

1.  In  86  cases,  Avound  debridement  Avas  carried  out  in  foi’Avard  hospitals, 
but  thoracotomy  Avas  not  performed. 

2.  In  the  remaining  81  cases,  in  25  of  Avhicli  the  AA'ound  AA^as  thoracoabdomi¬ 
nal,  either  thoracotomy  or  a  combined  thoracic  and  abdominal  operation  Avas 
carried  out. 

This  classification  is  based  on  the  point,  already  emphasized,  that  careful 
definition  of  the  indications  for,  and  contraindications  to,  thoracotomy  in  for- 
Avard  hospitals  Avas  one  of  the  major  contributions  made  by  thoracic  surgeons 
AAdio  treated  chest  AAmunds  in  the  Mediterranean  theater  in  W  orld  W^ar  II. 
One  of  the  most  important  objectives  of  this  study  Avas  to  determine  Avhether 
any  casualty  in  the  group  in  Avhich  thoracotomy  Avas  omitted  had  died  later 
from  complications  or  had  suflered  delayed  morbidity  referable  to  his  Avound. 
Only  a  long-term  folloAVup  could  settle  this  point. 

The  components  of  both  resuscitation  and  initial  wound  surgery  have  been 
described  in  detail  in  the  first  volume  of  this  thoracic  surgery)  subseries. 

INITIAL  WOUND  SURGERY 

In  the  group  of  patients  in  Avhom  thoracotomy  Avas  not  considered  nec¬ 
essary  at  initial  Avound  surgery,  the  penetrating  Avound  produced  by  the  missile 
Avas  of  such  limited  dimensions  that  the  Avound  did  not  suck  (bloAv)  originally 
or  after  adequate  debridement.  In  this  type  of  AA^ound,  as  in  all  others,  impor¬ 
tant  considerations,  in  addition  to  the  size  of  the  missile,  included  its  angle  of 
penetration,  its  A^elocity,  the  damage  to  the  bony  cage,  and  the  thickness  of  the 
original  protecting  musculature.  The  location  of  the  Avound  Avas  obAuously  a 
matter  of  great  importance.  A  Avound  up  to  2  cm.  in  diameter,  if  it  Avas  located 
in  the  interior  thoracic  cage,  might  result  in  a  traumatic  thoracotomy,  Avhile  a 
Avound  up  to  14  cm.  in  diameter,  if  it  Avas  located  in  tlie  scapular  region  pos- 
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terioliy,  miglit  not  result  in  traumatic  thoracotomy,  even  after  extensive  de¬ 
bridement.  It  was  also  generally  true  that  smaller  external  wounds  were  likely 
to  produce  less  damage  within  the  chest  than  would  larger  Avounds.  In  3  of  the 
86  cases  in  AAdiicli  primary  thoracotomy  was  omitted,  blast  injuries  Avere  asso¬ 
ciated  Avitli  poAvder  and  dirt  burns  of  the  chest,  but  neither  the  injury  nor  the 
possibility  of  internal  damage  Avas  considered  an  indication  for  immediate 
thoracotomy. 

In  the  remaining  81  cases,  the  initial  Avound  Avas  so  extensiA^e  that  it  consti¬ 
tuted,  in  itself,  a  traumatic  thoracotomy;  or  the  necessary  debridement  aaus  so 
extensiA’e  as  to  produce  a  traumatic  thoracotomy;  or  intrathoracic  or  intra¬ 
abdominal  damage  required  entrance  into  these  cavities  to  control  hemorrhage 
or  repair  damaged  organs. 

The  indication  for  thoracotomy  in  56  of  these  81  cases  Avas  serious  damage  to 
the  chest  Avail  or  the  intrathoracic  contents.  In  six  cases  in  this  group,  the 
diaphragm  Avas  lacerated,  but  tlie  abdomen  Avas  not  penetrated.  In  three  other 
cases,  the  diaphragm  Avas  lacerated  and  the  liver  Avas  penetrated  by  small 
foreign  bodies,  2  mm.  in  diameter  in  each  instance.  In  none  of  the  three  cases 
Avas  the  injury  sufficient  to  cause  either  hemorrhage  or  extraA^asation  of  bile, 
and  thoracolaparotomy  did  not  proAn  necessary  at  the  base  section  later.  Small 
foreign  bodies  in  the  Ihnr  are  usually  Avell  tolerated.  Had  the  injuries  been 
more  serious,  exploration  of  the  abdomen  Avould  liaA^e  been  necessary. 

In  the  remaining  25  cases,  the  Avounds  Avere  thoracoabdominal,  and  intra- 
abdominal  procedures  Avere  necessary.  The  number  of  casualties  in  this  group 
Avould  have  been  larger  except  for  the  fact  tliat  patients  Avith  abdominal  injuries 
associated  Avith  chest  injuries  Avere  considered  Avithin  the  province  of  general 
surgeons.  These  casualties  Avere  ahvays  classified  as  nontransportable  at  triage, 
and  they  Avere  ti'cated  in  forAvard  installations,  very  often  by  general  rather 
than  tlioracic  surgeons. 

Since  thoracotomy  Avas  done  in  over  half  of  the  167  cases  in  this  series,  the 
emphasis  on  limited  thoracotomy  may  seem  someAvhat  misplaced.  There  are  at 
least  tAvo  A^alid  reasons  for  the  high  proportion: 

1.  All  the  patients  avIio  Avere  treated  by  primary  thoracotomy  AAm’e  first- 
priority,  nontransportable  casualties.  The  data  (tables  20-23)  sIioav  that  both 
intrathoracic  and  extrathoracic  damage  Avere  frequently  extremely  severe. 

2.  The  concentration  of  so  many  serious  injuries  in  such  a  small  series  is 
explained  by  the  fact  that  frequently  in  forAvard  areas  in  Avhich  there  Avere  feAv 
or  no  thoracic  surgeons,  thoracic  casualties  Avere  referred  to  Thoracic  Surgical 
Team  I7o.  4,  AAdiich  served  as  a  sort  of  unofficial  forAvard  thoracic  surgery  center. 

Another  index  of  the  severity  of  the  injuries  in  this  series  is  the  length 
of  hospitalization  in  foiuvard  hospitals.  The  86  patients  in  AAdiom  primaiy 
thoracotomy  was  not  done  were  held  from  7  to  14  days,  on  the  average,  while 
the  81  Avho  required  thoracotomy  Avere  held,  on  the  average,  from  4  to  7  days 
longer.  An  occasional  patient  in  both  groups  had  to  be  evacuated  before  the 
023timum  time  because  of  the  tactical  situation. 


FOLLOWUP  STUDIES  OF  THORACIC  WOUNDS 


447 


Table  20— Thoracic  damage  in  167  foUowed-up  thoracic  casualties  according  to  surgical 

procedures  in  fonvard  hospitals 


Surgical  procedure 

Thoracic  damage 

Thoracotomy 

Thoracoabdom- 

Total 

Yes 

No 

inal  surgery 

Chest  wall: 

56 

86 

25 

167 

69 

23 

19 

111 

10 

13 

5 

28 

45 

29 

17 

91 

Foi'eign  bodies: 

8 

18 

9 

35 

Ploin’n  -  - 

14 

4 

3 

21 

18 

15 

3 

36 

- 

r'diastiTimn  -  - 

6 

1 

o 

O 

10 

38 

12 

11 

61 

27 

53 

9 

89 

T\Torlin  yfiTi-ol  I'nini'V 

7 

4 

2 

13 

9 

1 

25 

35 

TA15LE  21.— Assocmted  injuries  in  167  folloiccd-up  thoracic  casualties  according  to  surgical 

procedure 


Surgical  procedure 

llegion 

Thoracotomy 

Thoraco¬ 

abdominal 

Total 

Yes 

No 

surgery 

Head 

5 

5 

1 

11 

Neck  -  _  -  - 

5 

9 

1 

15 

7 

6 

O 

O 

16 

Extremities : 

TTppor 

23 

22 

7 

52 

12 

21 

5 

38 

1 

1 

2 

Rl  0  _ 

9 

6 

6 

21 

_ 

— ■ 
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Table  22. —  I ntr a- abdominal  damage  in  81  followed-nv  thoracic  casucdties  according  to  surgical 

'procedure 


Viscera  and  structures  injured 

Surgical  procedure 

Total 

Thoracotomy 

Thoraeoabdoin- 
inal  surgery 

DiaphraG,-m  ,  __  _ 

10 

21 

31 

Stomacli__ _ 

3 

4 

7 

Small  intestine 

Large  intestine  ____ 

Liver  _  _ _  _ 

2 

11 

13 

Spleen. _ _ _ 

G 

G 

Kidnev 

Pancreas  _  _  _  .  . 

1 

1 

Vessels  _ _ _  ___ 

3 

3 

6 

Retroperitoneum 

4 

4 

Table  2?y, —Complications  in  forward  and  fixed  hospitals  in  167  foUowedmip  thoracic  casualties 
according  to  surgical  procedures  in  fonvard  hospitals 


Complications 

Surgical  procedures  in  for\\'ard 
hospitals 

1 

1  Surgical  procedures  in  fixed 

hospitals 

Grand 

total 

Thoracotomy 

Thoraco¬ 

abdominal 

surgery 

Total 

Thoracotomy 

Thoraco- 

abdojiiinal 

surgery 

Total 

1  Yes 

No 

Yes 

No 

Shock  ^  _  _ 

8 

4 

12 

12 

Coma  _ 

1 

1 

2 

2 

Wet  lung 

37 

22 

6 

65 

65 

Hemothorax  . 

18 

5 

O 

26 

26 

Wound  infection 

5 

9 

3 

10 

10 

Empvema 

1 

2 

O 

o 

4 

o 

O 

2 

9 

12 

Pneumonitis 

1 

2 

2 

5 

5 

Lung  abscess _ 

2 

2 

2 

Chronic  hemothorax. _ 

2 

4 

5 

11 

11 

Bronchial  fistula 

2 

2 

2 

Abdominal  ^ 

1 

1 

4 

G 

10 

11 

Other 

5 

7 

4 

16 

1 

n 

O  1 

3 

7 

23 

1  Severe  only. 

2  SubpHrenic  and  peritoneal  abscesses,  ct  cetera. 

3  Hepatitis,  amputations,  toxic  psychoses,  et  cetera. 
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SUBSEQUENT  SURGERY 

In  oversea  hospitals.— By  the  time  the  Italian  campaign  began,  excellent 
facilities  had  been  provided  in  the  thoracic  surgery  centers  in  base  sections  of 
the  North  African  theater  for  handling  thoracic  and  thoracoabdominal  casual¬ 
ties.  The  principles  of  treatment  were  becoming  standardized.  Well-trained 
and  experienced  personnel  were  available.  Also,  it  was  possible  to  keep  the 
patients  in  these  hospitals,  wlien  necessary,  for  periods  up  to  150  days. 

Delayed  primary  wound  closure,  with  or  without  redebri dement,  accounted 
for  the  largest  number  of  operations  (59)  necessary  in  base  section  hospitals 
(table  24).  No  undue  morbidity  followed  the  removal  of  retained  foreign 
bodies  in  13  cases;  in  fact,  the  patients  were  then  in  much  better  condition  to 
withstand  tlie  procedure  than  they  were  immediately  after  wounding. 

]\fost  of  the  drahiage  ox^erations  for  infections  of  the  chest  wall  and  for 
empyema  (seven  eacli)  Avere  required  because  of  the  extent  of  the  original 
Avound  and  the  serious  contamination  that  liad  occurred. 

Seven  decortications  Avere  carried  out  for  empyema  and  tAvo  for  organiz¬ 
ing  hemothorax.  INIost  of  the  patients  in  the  empyema  group)  had  been  treated 
only  by  debridement  and  thoracentesis  in  forAvard  hospitals. 

Colostomies  aatit  closed  tAvice,  both  in  patients  in  particularly  good  con¬ 
dition.  It  Avas  ahvays  desirable  to  perform  this  ox^eration  overseas  if  it  could 
be  done. 

As  these  data  shoAv,  most  surgery  in  base  section  hospitals,  aside  from 
delayed  primary  Avound  closure,  Avas  necessary  for  infections  of  the  chest  Avail 
and  pleural  cavity.  Persistent  x^neumonitis  Avas  not  seen  in  any  of  these 
X:)atients. 


Tabli-:  24.— requirecl  hi  fixed  hospitals  according  to  surgery  performed  in  forward 

hospitals 


Previous  surgery  in  forward  hospitals 

Surgery  in  fixed  hospitals 

Thoracotomy 

Tlioraco- 

Total 

Yes 

Xo 

laparotomy 

of  o.liost  wall 

2 

3 

2 

7 

F)raina<rr»,  for  o.mpvfiiTia  __  _ 

5 

1 

1 

7 

Rpinoval  rif  fovoifm  borlv  __  _  _ 

5 

7 

1 

13 

T)or*ort,iration  -  -- 

4 

4 

1 

9 

2 

4 

6 

priTPary  woimd  alosuro 

26 

31 

2 

59 

Other  _ 

8 

12 

6 

26 

1 
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In  Zone  of  Interior  hospital s.—Onl}^  a  small  amount  of  surgery  ^Yas  nec¬ 
essary  in  these  casualties  in  Zone  of  Interior  chest  centers : 

Two  patients  required  drainage  for  empyema  5  and  G  months,  respectively, 
after  wounding.  One  had  had  a  traumatic  thoracotomy  and  the  other  a 
thoracoabdom inal  wound. 

In  three  instances,  removal  of  foreign  bodies  Avas  necessary.  In  the  first 
case,  tlie  missile  Avas  removed  from  the  lung  of  a  patient  Avho  had  had  debride¬ 
ment  AAuthout  thoracotomy  in  a  field  hospital.  In  the  second,  the  missile  Avas 
removed  from  the  abdomen  Avhen  a  colostomy  Avas  closed.  In  the  third  case, 
the  object  Avas  removed  from  tbe  liver. 

The  only  other  thoracic  surgery  required  Avas  excision  of  an  arterioi'enous 
fistula  immlAdug  the  internal  mammary  artery. 

Chest  pain  and  dyspnea  Avere  the  principal  complaints  of  casualties  avIio 
Avere  not  returned  to  duty  from  Zone  of  Interior  chest  centers.  In  practically 
all  of  these  cases,  as  Avill  be  pointed  out  later  (p.  523),  physical  and  roentgeno¬ 
logic  examinations  shoAA^'ed  excellent  lung  expansion  and  minimal  pleural 
reaction. 

MORTALITY  AND  DISPOSITION 

Deaths. — Four  deaths  occurred  in  base  section  hospitals,  all  in  casualties 
Avith  multiple  Avounds,  all  of  aa^ioiu  had  been  serious  problems  from  the 
moment  they  Avere  carried  into  the  shock  tent  of  the  held  hospital  until  they 
died  in  a  fixed  hospital  in  the  base.  Three  had  thoracoabdominal  Avounds; 
hepatic  infection  and  jaundice  Averc  factors  in  each  fatality,  and  one  patient 
also  had  peritonitis.  The  remaining  casualty  had  a  traumatic  thoracotomy 
and  a  spinal  cord  injury  Avith  paraplegia.  He  died  of  pulmonary  complica¬ 
tions  and  secondary  hemorrhage  soon  after  evacuation  from  the  held  hospital. 

Disposition.— Tavo  casualties,  both  of  Avhom  had  small  Avounds  limited  to 
the  chest,  AA’ere  discharged  from  foiward  hospitals  directly  to  their  units. 

In  AueAv  of  the  multiplicity  and  seA^erity  of  the  Avounds  sustained  by  most 
of  the  remaining  patients  in  this  series,  it  is  surprising  to  learn  that  about 
half  of  them  could  be  returned  to  duty  in  the  theater,  most  to  limited  duty 
but  a  feAv  to  active  frontline  combat.  The  larger  number  of  casualties  returned 
to  duty,  50,  Avere  in  the  groujD  in  Avhicli  primaiy  thoracotomy  Avas  not  iieces- 
sary,  but  38  patients  aaIio  required  thoracotomy  and  5  Avho  required  thoraco¬ 
abdominal  surgery  Avere  also  returned  to  duty.  This  Avas,  of  course,  a  sound 
policy  in  an  oversea  theater,  in  that  it  conserved  manpoAver  in  tlie  theater 
and  reduced  the  need  for  replacement  from  the  Zone  of  Interior.  One  reason 
that  it  AAuis  possible  AA^as  that  the  holding  time  in  base  section  hospitals,  some¬ 
times  up  to  5  months,  Avas  sufficient  for  small  Avoimds  to  close  by  secondary 
intention,"  for  Avounds  closed  by  delayed  primary  suture  to  heal  solidly,  for 
pleural  efTusions  to  be  absorbed,  and  for  hematomas  of  the  lung  to  resoh^e. 

-Two  kinds  of  wounds  were  cUlowed  to  heal  by  secondary  intention:  (1)  those  in  which  infection 
wys  just  enough  of  a  possibility  to  make  surgeons  in  the  base  hospitals  hesitant  to  perform  delayed 
primary  closure,  and  (2)  large  clean  wounds  which  for  one  reason  or  another  were  not  suitable  for 
delaj'od  primary  closure. 
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In  the  Zone  of  Interior,  only  17  patients  were  returned  to  duty,  most  of 
them  to  limited  duty.  The  group  was  about  equally  divided  between  those 
who  had  undergone  primary  thoracotomy  and  tliose  ayIio  had  not.  The  number 
was  necessarily  small,  in  view  of  the  policy  in  the  Mediterranean  theater  of 
not  evacuating  casualties  to  the  Zone  of  Interior,  unless  there  was  a  shortage 
of  beds,  until  it  was  reasonably  clear  that  they  could  not  return  to  duty  in 
the  oversea  theater. 

When  the  group  of  patients  returned  to  duty  overseas  is  added  to  the 
group  returned  to  duty  in  the  Zone  of  Interior,  it  is  seen  that  more  than  two- 
thirds  (112)  of  the  163  patients  wlio  survived  surgery  in  forward  and  base 
hospitals  could  be  returned  to  some  form  of  useful  army  service.  Had  the 
war  continued  and  this  same  trend  continued,  there  would  have  been  an 
enormous  saAdng  in  manpower.  As  it  was,  it  is  impossible  to  estimate  the 
morale  factor  inherent  in  the  return  to  duty  of  such  a  large  number  of  seriously 
wounded  men. 

The  postwar  status  of  these  casualties  will  be  discussed  later. 

The  case  histories  which  follow  have  been  selected  from  the  histories  of  the 
107  patients  followed  up  after  forward  surgery  to  illustrate  special  conditions 
and  complications  and  the  methods  of  treatment  employed  for  them.  They 
are  deliberately  presented  in  some  detail. 


WOUNDS  OF  THE  CHEST  WALL 

Although  the  chest  A^'all  Avas,  of  course,  iiiA  olA'ed  in  all  penetrating  Avounds 
of  the  chest,  in  22  cases  in  this  series,  these  Avounds  Avere  small.  They  Avere 
sometimes  associated  AA^ith  serious  intrathoracic  problems,  but  in  all  cases,  the 
Avounds  themselves  Avere  readily  managed  by  simple  debridement. 

In  the  remaining  145  cases,  trauma  to  muscle  masses  and  the  bony  cage 
was  extensive  enough  to  create  challenging  clinical  problems.  Foreign  bodies 
Avere  present  in  35^  cases,  and  there  Avere  88  sucking  Avounds  and  4  thoraco¬ 
abdominal  Avounds  in  the  series.  The  bony  case  Avas  involved  101  times,  the 
ribs  77  times,  the  scapula  13  times,  the  sternum  6  times,  and  the  spine  5  times. 

Wound  infection  Avas  not  a  serious  problem  in  any  field  hospital,  but  in  10 
of  these  145  cases,  drainage  of  the  Avound  Avas  necessary  for  this  reason  in  base 
section  hospitals.  In  all  10  cases,  the  relation  betAveeii  the  development  of  in¬ 
fection  and  the  time  at  AAdiich  debridement  Avas  performed  seemed  clear  cut;  in 
a  few  cases,  initial  AVound  surgery  had  been  delayed  up  to  72  hours.  Empyema 
developed  in  9  cases  at  the  base  section  and  in  2  others  in  the  Zone  of  Interior, 
but  in  only  2  of  these  11  cases  did  a  severe  Avound  infection  exist. 

Case  1 

Management  overseas —This  31-year-old  infantryman  Avas  Avounded  in 
the  chest  at  1130  hours  on  14  October  1944,  near  Hupei mont,  France.  Three 
hours  later,  he  received  a  x:)lasma  transfusion  of  1,000  cc.  in  a  battalion  aid 
station,  Avhere  the  sucking  AAmund  of  the  anterior  chest  AA^all  AA'as  closed  by  skin 
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Figure  196  (case  1). — Schematic  sllo^Yillg  of  large  defects  of 
chest  wall.  A.  Wound:  Large  sucking  wound  of  exit  in  right 
anterior  chest  wall,  with  destruction  of  portions  of  fourth,  fifth, 
and  sixth  rihs  and  the  corresponding  costal  cartilages  (a),  wound 
of  entrance  in  left  chest  (h),  and  through-and-through  wound  of 
left  upper  arm  (c).  B.  Closure  of  large  chest  wall  defect  hy 
suture  of  mobilized  pectoralis  major  (a)  and  rectus  abdominis  (b). 

C.  Closure  of  central  portion  of  wound  with  wounds  of  entrance 
(a)  and  exit  (1))  left  opcai  down  to  fascia,  and  closed  drainage 
tube  in  situ  (c) . 

sutures  and  a  sulfonamide  powder  was  placed  in  it.  lie  was  given  morphine 
gr.  Yj.  and,  because  of  wet  breathing,  atropine  gr,  %q. 

When  he  was  received  at  the  llth  Field  Hospital  at  Eloyes,  France,  at  1545 
hours,  he  was  dyspneic  and  cyanotic,  and  his  breathing  was  still  wet.  A  large 
wound  in  the  anterior  chest  wall  (fig.  196A)  extended  from  the  anterior 
axillaiy  line  on  the  right  at  the  sixth  interspace  across  to  the  fourth  rib  in 
the  anterior  axillary  line  on  the  left.  Breath  sounds  were  heard  bilaterally 
distant  on  the  right,  and  there  were  numerous  rales  and  rhonchi  throughout 
both  lung  fields. 

The  resuscitative  regimen  included  oxygen  by  nasal  catheter;  penicillin 
intramuscularly ;  thoracentesis,  with  removal  of  300  cc.  of  bloody  serous  mucus 
from  the  right  chest;  intercostal  nerve  block,  including  the  fifth  through  the 
eighth  nerves ;  and  catheter  aspiration,  which  produced  bloody  serous  mucus. 


FKiTJKE  107  (c-a^^e  1). — Serial  roeiitii’t'uograins  in  large  defect  of  chest 
wall.  A.  Posteroaiiterior  roeutgeiiograiii,  14  Octolter  1044,  immediately 
after  wounding-,  showing  tluid  in  lower  half  of  right  chest,  with  mottled 
intiltratioii  above  and  on  the  left.  Note  air  in  anterior  mediastinnm  out¬ 
lining  left  mediastinal  pleura.  11.  Lateral  roentgenogram  showing  hazy 
lung  fields  and  displacement  of  heart  posteriorly  by  air  in  anterior 
mediastinum.  C.  Posteroaiiterior  roentgenogram,  21  October  1944,  show¬ 
ing  closed  drainage  tube  in  right  chest  (reinserted  to  control  pulmonary 
air  leak),  right  hydropneuniothorax,  and  subcutaneous  and  mediastinal 
emphysema.  1).  Posteroaiiterior  roentgenogram,  25  October  1044,  show¬ 
ing  clearing  of  both  lungs. 
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Figure  107.— Coiitiiined.  E.  Posteroanterior  roentgenogram,  19  No¬ 
vember  lOGO,  16  years  after  wounding,  showing  irregularity  of  fifth  and 
sixth  ribs  anteriorly,  slight  blunting  of  right  costophrenic  angle,  i')roini- 
nent  bronchovascular  markings,  and  fibrosis  of  right  paracardiac  region 
above  diaphragm.  F.  Lateral  roentgenogram  on  same  date,  showing 
pleural  shadow  anteriorly  and  fairly  flat  diaphragms. 

Roentgenologic  examination  (fig.  197 A  and  B)  showed  fluid  occupying 
the  lower  half  of  the  right  chest,  with  a  mottled  infiltration  above  and  to  the 
left,  and  air  in  the  mediastinum  displacing  the  heart  posteriorly. 

When  the  patient  was  first  observed,  his  pulse  ivas  intermittently  irregular, 
and  there  were  dropped  beats  at  the  radial  pulse.  There  were  also  premature 
cardiac  contractions.  After  4  hours  of  the  intensive  resuscitation  just  described, 
his  condition  improved,  and  his  lungs  seemed  entirely  dry. 

The  sucking  wmund  of  the  right  chest  was  thoroughly  debrided,  and 
portions  of  the  fourth,  fifth,  and  sixth  ribs,  with  the  corresponding  costal 
cartilages,  were  resected.  The  laceration  of  the  right  lung  was  repaired  with 
interrupted  sutures  of  fine  catgut,  and  a  drainage  tube  was  introduced  into  the 
lower  right  pleural  cavity  and  connected  with  a  closed  system. 

To  effect  closure,  it  was  necessary  to  mobilize  a  large  pectoral  flap  and  a 
rectus  flax).  These  Avere  sutured  together  and  attached  to  the  chest  Avail,  to  fill 
in  the  huge  defect  left  by  resection  of  the  three  ribs  (fig,  196B).  The  central 
portion  of  the  chest  Avail  Avas  closed  (fig.  196C),  and  the  Avounds  of  entrance 
and  exit  Avere  left  open  and  packed  Avith  gauze  doAvn  to  the  muscle  layers. 

A  Avound  in  the  left  upper  arm  Avas  debrided. 

The  patient’s  condition  Avas  satisfactory  throughout  the  operation,  but  an 
hour  after  it  Avas  concluded,  his  respirations  became  A^ery  Avet.  Bronchoscoxiy, 
Avhich  Avas  performed  at  once,  yielded  a  moderate  amount  of  bloody  mucus  from 
both  bronchi.  At  this  x^oint,  cardiac  arrest  occurred.  The  catheter  Avas  at  once 
AvithdraAvn  and  the  bronchoscope  Avas  removed.  Oxygen  Avas  administered  by 
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face  mask,  witli  iiitemiittent  positive  pressure  on  tlie  anesthetic  bag.  In  less 
than  2  minutes,  the  lieartbeat  returned,  the  respirations  also  returned,  and 
within  10  minutes,  the  patient  regained  consciousness. 

Late  on  the  second  ^postoperative  daj’,  subcutaneous  emphysema  in  the 
neck  and  the  cliest  wall  became  quite  marked.  Pneumothorax,  which  was 
ea  ident  on  the  right,  was  controlled  by  a  catheter  inserted  into  the  pleural 
space  and  fixed  to  a  closed  drainage  system  (fig.  lOlC).  The  inferior  drainage 
tube  ceased  to  function  within  48  hours  and  was  removed  at  this  time. 

The  temperature  was  elevated  to  101°  F.  for  the  first  week  after  operation, 
but  when  the  patient  was  evacuated  to  the  base  section  on  the  12th  postoperative 
day,  the  emphysema  had  disappeared  (fig.  197D),  the  lung  was  expanded,  and 
tlie  wound  was  clean. 

Contiai’}'  to  the  usual  jpractice,  it  was  neeessaiy  in  this  case  to  use  a  tight 
binder  during  the  postoperative  period,  because  of  the  mobility  of  the  chest 
nail.  It  was  discarded  as  the  wound  healed  and  the  wall  became  firm. 

Management  in  the  Zone  of  Interior.— The  patient  required  iio  active 
treatment  in  the  Zone  of  Interior  and  was  given  a  disability  discharge. 

Followup.— Tliis  patient  has  been  well  since  he  was  finally  discharged  from 
the  p  A  outpatient  clinics  5  years  ago  except  for  dyspnea  on  manual  exertion 
and  some  pain.  He  has  held  a  variety  of  jobs. 

Eoentgynologic  examination  on  19  IS^vember  1960,  16  years  after  wound¬ 
ing  (fig.  lOTE  and  F)  .showed  prominent  bronchovascnlar  markings,  and  slight 
fibrosis  of  the  right  paracardiac  region  above  the  diapliragm.  The  lateral 
view  was  clear  except  for  blunting  of  the  right  cardiophrenic  angle. 

Comment. — This  patient  presented  a  number  of  problems:  A  large  an¬ 
terior  sucking  wound  of  the  right  chest;  fractures  of  the  fourth  through  the 
sixth  ribs  and  their  cartilages;  some  evidence  of  blast  injury  to  the  heart,  wnth 
cardiac  irregularity;  a  moderately  severe  wet  lung  syndrome;  and  mediastinal 
emphysema.  Satisfactory  closure  of  the  large  defect  in  the  chest  wall  was 
effected  with  flaps  of  pectoral  and  rectus  mu.scles.  Although  the  patient  had 
had  atropine  (gr.  (/oen)  -hi  minutes  earlier,  cardiac  standstill  occurred  when 
bionchoscojiy  iias  performed  after  ojieration.  Positive  pressiii'e  oxygen  was 
effective,  and  there  were  no  further  difficulties  in  this  regard.  Acoumiilation 
of  air  111  the  affected  hemithorax  required  the  inseriion  of  a  second  closed 
thoracostomy  tube.  The  explanation  of  the  cardiac  standstill  ivas  probably 
a  combination  of  hypoxia,  so-called  cardiac  blast,  and  vagovagal  tracheal 
stimulation.  The  use  of  atropine  before  operation  may  have  been  helpful  in 
producing  the  prompt  recovery. 

Case  2 

Management  overseas.— This  technical  sergeant,  attached  to  a  tank  de¬ 
stroyer  battalion,  was  wounded  in  the  left  chest  by  a  high  explosive  shell  frag¬ 
ment  at  0845  hours  on  3  December  1943,  near  Cassino,  Italy.  At  the  battalion 
aid  station,  a  sucking  wound  of  the  left  chest  anteriorly  (fio5  198A)  was  packed 
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Figuhe  ids  (case  2). — Schematic  slio\Yiiig  of  sucking  ^Yound  with 
defect  of  chest  wall.  A.  Wound  in  anterior  aspect  of  chest,  with  suck¬ 
ing  wound  of  second  intercostal  space  packed  with  petrolatiini- 
iinpregnated  gauze.  B.  Schema  of  pathologic  findings,  anterior  Yiew  : 
Foreign  body  in  lung  and  pleiTra  (a) ,  hematoma  of  left  upper  lobe  (b) , 
wet  lung  (c),  mucus  and  blood  in  trachea  (d),  and  engorged  superior 
Yen  a  caYa  (e). 
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Figukk  lOS. — Continued,  D.  Anterior  aspect  of  cliest  at  conclusion 
of  operation :  Debridcd  pectoralis  major  muscle  sewn  together  to  close 
sucking  wound  (a),  with  fine-mosh  gauze  packed  into  wound  (b),  and 
closed  intercostal  drainage  tube  (c) . 

with  a  dressing  sprinkled  with  powdered  sulfanilamide,  and  morphine  (gr. 
%)  was  given. 

The  patient  was  received  at  the  94th  Evacuation  Hospital  at  1100  hours 
the  same  day.  Here  he  gave  a  history  of  having  had  a  severe  respiratory  in¬ 
fection  for  the  previous  4  or  5  days.  At  this  time,  he  was  in  shock,  with  blood 
pressure  of  80/60  mm.  Hg,  pulse  of  130,  and  wet  and  labored  respirations.  He 
was  extremely  dyspneic.  Signs  of  fluid  were  present  over  the  entire  left  chest, 
and  rales  were  heard  over  the  right  chest. 

The  chest  wound  was  fairly  clean.  It  was  cleansed  down  to  the  pleural 
opening,  which  was  2  by  3  cm.,  and  a  fresh  petrol  a  turn- impregnated  pack  was 
inserted.  Eesuscitative  measures  included  tracheal  aspiration,  which  yielded 
a  large  amount  of  bloody  fluid ;  intercostal  nerve  block,  from  the  second  through 
the  eighth  nerves  on  the  left;  thoracentesis,  which  yielded  TOO  cc.  of  bloody 
fluid ;  and  a  transfusion  of  500  cubic  ceiitimetei's. 

The  patient’s  condition  improved  vuth  these  measures,  but  respirations 
were  wet  over  both  lung  fields,  and  it  was  obvious  tliat  he  had  been  wounded 
at  a  time  when  he  had  a  severe  bronchopulmonary  infection.  Therefore,  since 


4(S0 


TIIORACIO  SURGERY 


the  wound  was  fairh-  clean,  it  ATas  decided  that  tlie  risk  of  immediate  surgery 
Avas  greater,  under  the  circumstances,  than  the  deA’elopment  of  infection  of 
the  chest  AAualh 

Eoentgenograms  on  the  day  of  AAmunding,  taken  after  aspiration  of  the 
chest  (fig.  199A) ,  shoAA^ed  a  large  foreign  body  in  the  left  upper  lobe  and  a  hema¬ 
toma  in  the  same  location. 

The  patient  AAuas  giAnn  4  gm.  of  sulfadiazine  daily  until  7  December  1943. 
During  this  joeriod,  he  ran  a  loAA-grade  temperature. 

Operation  AA'as  j)ei‘formed  on  7  December  1943,  under  light  nitrous-oxide 
anesthesia.  The  hematoma  sIioaaui  in  the  roentgenogram  4  days  earlier  AAuas 
still  present,  but  the  foreign  body  Avas  not  readily  accessible,  and  no  search 
AA’as  made  for  it  (hg.  198B  and  C).  Lateral  pleural  drainage  AA’as  instituted. 
The  pectoralis  muscle  AA’as  closed  (fig.  198D)  and  the  rest  of  the  AA’ound  AA^as  left 
AA’ide  open  and  packed. 

The  postoperath’e  course  AA’as  satisfactoiy,  and  the  patient  AA’as  eAuicuated 
to  the  24th  General  Hospital  at  Bizerte,  10  days  after  02:)eration.  Here,  3 
AA’eeks  later,  electee  thoracotomy  AA’as  done,  and  a  large  foreign  body  AA’as  re- 
moA’ed  from  the  left  pleural  space  and  left  upper  lobe.  Satisfactory  healing 
folloAA’ed  delayed  primary  AA’ound  closure. 

Four  months  after  AA’ounding,  the  patient  AA’as  released  for  limited  duty 
in  the  communications  zone.  At  the  end  of  the  AA’ar,  he  AA’as  sent  to  the  Zone 
of  Interior  by  rotation  and  discharged  there. 

Followup. — ^A  communication  from  this  patient  on  22  FToA^ember  19C0 
stated  tliat  he  had  done  outside  construction  AA’ork  since  the  AA'ar.  His  only 
complaints  AA’ere  mild  dyspnea  Avhen  he  had  chest  colds  and  some  pain  in  the 
left  shoulder  associated  AA’ith  OA^erAA’ork.  He  AA’as  married  and  had  children. 

Eoentgenograms  made  on  21  EoA’ember  1960  (fig.  199B  and  C)  shoAved 
the  left  lung  completely  expanded  and  no  abnormalities  of  consequence. 

Comment.— The  interesting  feature  in  this  case  is  the  admission  of  the 
patient  to  a  foi'Avard  hospital  AA’ith  a  sucking  atouiuI  superimposed  upon  a 
scA'ere  bronchopulmonary  infection.  It  AA’as  decided  to  repack  the  AYound 
daily  and  alloAA"  the  respiratory  infection  to  subside  before  surgical  closure  of 
AA’ound  Avas  undertaken.  EemoA’al  of  the  foreign  body  in  the  left  pleura  and 
upper  lobe  Axas  performed  at  the  base  section.  EecoA’ery  from  this  operation, 
as  from  the  deferred  initial  AA’ound  surgery,  Avitli  closure  of  the  pectoralis  muscle, 
in  the  forAA’ard  hospital,  AA’as  uncomplicated,  and  there  AA’as  no  residual  disa¬ 
bility. 

This  is  tlie  only  case  of  tlie  kind  in  this  particular  series,  tliougli  tliere 
Avere  a  number  of  similar  instances  in  the  cases  in  this  series  not  folloAved  up 
after  the  Avar.  The  lesson  to  be  learned  from  it  is  that,  Avhile  general  principles 
must  be  folloAA’ed  in  AA’artime,  thej’  must  be  flexible  enough  to  jtcrmit  each  case 
to  be  managed  on  its  OAvn  merits. 
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FiGuiiE  199  (case  2). — >Serial  roentgenograms  in  sucking  wound  witk  defect 
of  chest  wall  complicated  by  severe  bronchopulmonary  infection.  A.  Posteroan- 
terior  roentgenogram,  3  December  1943,  shortly  after  wounding,  showing  large 
foreign  body  and  hematoma  in  left  upper  lung  held,  with  haziness  of  both 
lung  holds.  Although  the  chest  has  been  aspirated,  a  small  amount  of  pleural 
huid  is  still  present  on  the  left.  P>.  Posteroanterior  roentgenogram,  21  Xovem- 
ber  1900,  IT  years  after  wounding,  showing  clear  lung  holds,  prominent  broncho- 
vascular  markings,  and  sharp  costophrenic  angles.  Xote  healed  fracture  of 
left  sixth  rib,  apparently  the  result  of  elective  thoracotomy  performed  in  base 
hospital  ill  1943.  C.  Lateral  roentgenogram  on  same  date  showing  clear  lung 
holds  and  deep,  clear  costophrenic  angles. 
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LACERATIONS  OF  THE  LUNG 

Lacerations  of  the  lung  of  sufficient  magnitude  to  present  clinical  problems 
were  present  in  61  of  these  167  cases.  Neither  blunt  trauma  nor  spontaneous 
pneuniotliora3:  was  an  etiologic  factor  in  any  case.  In  each  instance,  the  lung 
was  torn  by  a  penetrating  missile  or  by  fractured  ribs. 

Intrapleural  decompression  was  required  in  all  61  cases,  but  thoracotomy 
to  repair  the  rent  was  emplo3"ed  only  selectively.  The  laceration,  per  se,  was 
not  regarded  as  an  indication  for  this  procedure. 

In  lo  cases,  continuing  leakage  of  air  was  treated  couservatiA^ely,  by  as¬ 
piration  or  catheter  drainage,  and  in  each  instance,  the  laceration  closed  spon¬ 
taneously.  In  a  number  of  cases  not  included  in  the  group  followed  up, 
small  lacerations  of  the  lung  Avere  closed  Avhen  thoracotomy  Avas  done,  but 
AAdiether  all  these  repairs  w  ere  necessary  is  another  matter. 

In  the  48  cases  in  this  series  in  Avliich  thoracotomy  Avas  done  on  the  indica¬ 
tion  of  pulmonary  lacerations,  direct  repair  of  the  laceration  Avas  necessary  in 
38  cases,  in  6  of  which  the  tear  Avas  so  extensiA^e  that  muscle  grafting  Avas  re¬ 
quired  to  elfect  closure.  This  technicpie  proA^ed  highly  successful;  neither 
bronchopleural  fistula  nor  empyema  developed  in  any  instance. 

In  only  one  instance  in  the  series  Avas  pulmonary  resection  carried  out  in 
a  forAvard  hospital.  In  this  case,  a  laceration  of  the  lung  and  damage  to  the 
blood  supply  and  the  l)ronchus  of  the  posterior  basal  segment  of  the  right  loAver 
lobe  served  as  a  Auilid  indication  for  seg;mental  resection  because  the  damaged 
area  of  the  lung  Avas  no  longer  viable. 

Pulmonary  resection  Avas  not  necessary  at  any  liospital  in  the  communica¬ 
tions  zone,  nor  Avas  it  necessary  in  a  Zone  of  Interior  liospital.  One  patient 
among  tlie  61  Avith  pulmonary  lacerations  developed  a  pneumothorax  in  the 
Zone  of  Interior,  3  months  after  Avounding,  and  tlioracotomy  Avas  necessary  to 
remove  tlie  foreign  body  causing  the  difficulty.  No  other  patient  in  tlie  series 
required  su]‘gerv  in  the  Zone  of  Interior,  and  this  Avas  the  only  thoracotomy 
perfoi-med  for  this  reason  in  this  series  in  any  Army  general  hospital  in  the 
Lhiited  States. 

One  other  j)oint  should  be  emphasized  in  connection  Avith  lacerations  of 
the  lung :  Patients  in  this  grou])  Avi(  h  progressive  or  tension  pneumothorax  Avere 
not  evacuated  to  the  rear  until  the  condition  Avas  under  control  unless  tactical 
circumstances  demanded  movement  of  the  installation.  In  2  of  these  61  cases, 
evacuation  Avas  necessary  for  this  reason  before  the  air  leak  Avas  controlled, 
but  in  each  instance,  a  trained  medical  technician  rode  in  the  ambulance  Avith 
the  patient  to  insure  that  the  decompression  catheter  functioned  properly  en 
route.  Tills  conservative  evacuation  policy  undoubtedly  explains  AAdiy  recur¬ 
rent  pneumothoi’ax  Avas  not  a  prolilein  in  base  section  hospitals  in  the  iMediter- 
ranean  theater. 
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Case  3 

Management  overseas. — This  19-year-old  infantryman  was  wounded  in 
the  left  chest  posteriorly,  the  left  upper  arm,  and  the  left  hip  at  0800  hours 
on  28  ISTovember  1943,  in  the  mountains  near  Cassino,  by  an  artillery  shell  frag¬ 
ment.  Emergency  treatment  consisted  of  the  application  of  an  occlusive 
dressing  sprinkled  with  a  sulfonamide  powder,  sulfadiazine  by  mouth,  and 
morphine.  At  the  collecting  station,  a  unit  of  plasma  was  given.  Because 
of  transportation  difficulties,  the  patient  did  not  reach  a  clearing  station  until 
the  following  day. 

When  he  arrived  at  the  94th  Evacuation  Hospital  at  LePezze,  he  was 
found  to  have  a  sucking  wound  (fig.  200A),  satisfactorily  occluded,  of  the 
left  posterior  chest  in  the  region  of  the  sixth,  seventh,  and  eighth  ribs,  and 
smaller  ^A'ounds  of  the  left  arm  and  left  chest.  Pie  Avas  extremely  short  of 
biTath.  The  temperature  Avas  101°  F.,  the  pulse  90,  the  respirations  48,  and 
the  blood  pressure  130/80.  Breath  sounds  AA'ere  absent  oxer  the  left  chest; 
the  right  chest  Avas  faiily  clear.  Eoentgenograms  made  on  30  October  1960 
(fig.  201 A  and  B)  shoAved  almost  complete  collapse  of  the  left  lung;  fractures 
of  the  sixth,  seventh,  and  eighth  ribs;  and  a  foreign  body  apparently  Avithin 
the  cardiac  shadoAv.  Some  fluid  AAas  present  in  the  left  chest;  the  right  lung 
Avas  fairly  clear. 

The  I'outine  of  resuscitation  included  bronchial  aspiration  per  catheter, 
after  Avhich  respirations  became  more  satisfactory. 

Operation  Avas  performed  on  30  November  1943,  at  0040  hours.  The 
posterior  sucking  Avound,  Avhich  Avas  found  to  be  infected  (fig.  200A),  Avas  A^ery 
carefully  debrided  doAvn  to  clean  muscle  tissue.  The  instruments,  gloAUs,  and 
drapes  AAure  changed  before  the  remainder  of  the  operation  Avas  proceeded 
Avith. 

Fractures  of  the  sixth,  seA'Cnth,  and  eighth  ribs  Avere  exposed  and  the  frag¬ 
ments  Avere  removed.  Pdie  pleural  cavit}^  Avas  entered  b}"  extending  tlie  Avound 
of  the  sixth  intercostal  space  (fig.  200B).  A  metallic  foreign  body,  2  by  1.5 
cm.,  Avas  removed  from  the  left  upper  lobe,  along  Avith  some  rib  fragments. 
A  hematoma  Avas  present  in  this  lobe,  as  Avell  as  a  foreign  body  Avhich  did  not 
peneti-ate  the  heart.  Eib  fragments  Avere  also  removed  from  the  left  loAver 
lobe  (fig.  2000) .  Lacerations  in  both  lobes,  from  AAdiich  air  Avas  bubbling,  Avere 
easily  repaired  Avith  catgut  (plain  O)  mattress  sutures.  About  500  cc.  of 
blood  Avas  aspirated  from  the  pleural  space,  after  Avhich  extremely  thoi^ough 
pleural  lavage  Avas  carried  out. 

The  chest  Avail  Avas  closed  (fig.  200D)  by  suturing  the  trapezius  and  latis- 
simus  dorsi  muscles  over  the  pleural  defect  in  the  sixth  intercostal  space.  The 
serratus  Avas  closed  more  anteriorly.  The  fascia  and  subcutaneous  tissues  Averc 
left  Avide  open.  Closed  intercostal  drainage  Avas  instituted  in  the  eighth  inter¬ 
costal  space. 


Figi^he  2()()  ( c*;i8G  3 ) .— Suckin.ii'  wound  of  left  posterior  eliest  with 
early  iiifeetiou.  A.  AVoniid.  lh)sterior  aspect  of  thorax  showing-  in¬ 
fected  sucking  wound  of  sixth  intercostal  space  on  left,  packed  with 
gauze.  B.  Diagram  of  findings  at  thoracotomy  showing :  Collapsed 
lung  with  foreign  body  (a),  pulmonary  laceration  (b),  hemothorax 
(c),  bone  fragments  in  left  lower  lobe  (d),  and  hematoma  in  same 
location  (e). 
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Figuke  200. — Continued.  Appearance  of  ayoiukI  after  repair  of  laceration 
of  left  upper  lobe  with  removal  of  foreign  body,  leaving  hematoma  undisturbed 
( a ) .  Closed  pleural  drainage  has  been  instituted  ( b ) . 


The  immediate  postoperative  course  was  stormy,  with  tlie  temperature 
ranoino-  daily  from  100°  to  102°  F.  Roeutgenologic  examination  on  7  Decem¬ 
ber  1943  showed  diffuse  liaziness  of  the  left  chest,  and  thoracentesis  yielded 
purulent  exudate. 

In  spite  of  the  fever  and  the  infection,  the  patient's  o-eneral  condition  was 
good,  and  he  was  therefore  evacuated  to  the  base  A\'hen  an  inordinate  number 
of  fresh  casualties  required  that  the  hospital  be  emptied. 

The  left  empyema  was  drained  at  the  o3d  General  Hospital,  at  Bizerte, 
by  resection  of  a  portion  of  the  ninth  rib. 

Management  in  the  Zone  of  Interior. — In  February  1944,  the  patient 
was  evacuated  to  the  Zone  of  Interior.  By  this  time,  the  chest  wound  was 
healed,  the  empyema  had  been  controlled,  and  the  lung*  ^vas  fully  expanded, 
the  only  abnormality  being  some  pleural  thickening  on  the  left.  Neurolysis  of 
the  left  median  nerve  Avas  carried  out  at  Walter  Keed  General  Hospital,  Wash- 
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Figuee  200. — Coiitiiiiied.  D.  Airtight  closure  of  deep  muscles  of  chest  wall :  Packing  of 
superficial  wound  above  closure  (a),  and  closed  pleural  drainage  (h). 


ingtou,  D.C.  After  a  period  of  limited  duty,  the  patient  was  discharged  from 
the  Army  on  14  iMat'ch  1946. 

Followup. — A  commimication  from  the  2^atient  in  November  1960  stated 
that  he  had  worked  in  the  ^^ost  office  as  a  mail  clerk  since  his  discharge  from 
the  Army.  He  was  married  and  had  two  children.  lie  had  no  sym2:)toms 
referable  to  the  chest.  Eoentgeiiograms  made  on  21  November  1960  (fig.  201C 
and  D)  showed  an  essentially  clear  left  lung  field.  The  only  abnormality  was 
regeneration  and  fusion  of  the  sixth,  seventh,  eighth,  and  ninth  ribs. 

Comment.— This  casualty  was  in  serious  condition  when  he  was  first  seen, 
with  an  infected  sucking  wound  of  the  left  chest  2)osteriorly,  an  almost  com¬ 
plete  collapse  of  the  lung,  some  fluid  in  the  left  chest,  and  a  foreign  body  at 
first  thought  to  lie  within  the  cardiac  shadow.  A  hematoma  was  j^resent  in 
the  left  U2)2)er  lobe,  and  there  were  fragments  of  fractured  ribs  in  this  lobe  and 
in  the  left  lower  lobe.  Conservative  management  included  bronchial  aspiration 
per  catheter  as  jfart  of  the  resuscitative  regimen,  debridement,  removal  of  the 
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Fkiitjjk  201  (case  3). — ^^Serial  roentgenograms  of  sncking  ^vomld  with 
early  infection.  A.  Posteroanterior  rocntgenogranu  30  October  1913,  shortly 
after  wonnding,  showing  collapse  of  left  lung  and  fracture  of  sixth,  seventh, 
and  eight  h  ribs.  Note  that  in  this  view  a  foreign  body  appears  to  be  within 
the  cardiac  outline.  B.  Left  lateral  roentgenogram,  showing  foreign  body 
within  lung  and  not  penetrating  heart.  0.  Posteroanterior  roentgenogram 
of  chest,  21  November  19C0,  IT  years  after  wounding,  showing  regeneration 
and  bridging  of  sixth,  seventh,  eighth,  and  ninth  ribs ;  slight  blunting  of 
left  costophrenic  angle;  and  slight  pleural  reaction  on  left.  Otherwise, 
the  lung  fields  are  clear.  D.  Lateral  roentgenogram  on  same  date,  showing- 
clear  lung  fields  and  sharp  posterior  costophrenic  sulci. 


foreign  body  and  the  rib  fragments,  repair  of  lacerations  in  the  involved  pul¬ 
monary  lobes,  closure  of  the  chest  wall,  and  closed  intercostal  drainage. 

Although  the  patient  developed  an  empyema,  it  Avas  readily  controlled  by 
correct  rib-resection  drainage,  and  the  damaged  lung  Avas  fully  expanded  Avhen 
he  Avas  receiAnd  in  a  Zone  of  Interior  hospital.  At  the  present  time,  17  years 
after  Avounding,  he  is  leading  an  actiAn  life,  Avitli  no  residua  from  his  chest 
injury  and  no  significant  roentgenologic  abnormalities. 

This  case  is  another  illustration  of  the  excellent  results  achieved  by  strict 
adherence  to  the  principles  and  practices  of  thoracic  surgery  developed  in  tlie 
^Mediterranean  theater  during  IVorld  IVar  II. 

MEDIASTINAL  INJURIES 

Injuries  to  the  mediastinum  Avere  recorded  only  lo  times  in  these  IfiT  cases. 
This  might  l)e  expected.  As  pointed  out  several  times  earlier  in  this  history, 
because  the  lieart,  great  vessels,  esophagus,  trachea,  and  bronchi  are  located 
in  this  area,  most  casualties  with  se\  ere  penetrating  mediastinal  Avounds  do  not 
suiviA'e  to  reach  any  hospital. 

Tlie  casualties  in  this  series  Avho  survived  mediastinal  injuries  all  had 
Avounds  produced  by  small  foreign  bodies,  AA'hose  dri\’ing  force  Avas  spent. 
Bleeding  into  the  mediastinum  sufficient  to  produce  a  Avidened  mediastinal 
shadoAA^  Avas  present  in  fiA^e  instances,  but  in  all,  the  blood  Avas  absorbed  Avithout 
sequelae. 

Although  this  is  a  small  group  and  the  mediastinal  injury  Avas  not  ahvays 
the  most  important  lesion,  six  of  the  casualties  had  traumatic  thoracotomies, 
and  others  had  considerable  trauma  to  the  thoracic  cage  and  the  lungs.  Small 
foreign  bodies  Avere  remoA^ed  in  four  instances  and  alloAved  to  remain  in  the 
others. 

At  the  base  section,  five  patients  Avere  returned  to  limited  duty.  The  other 
five  Avere  eAncuated  to  the  Zone  of  Interior,  AAdiere  all  receiA’ed  disability  dis¬ 
charges,  in  one  instance  on  the  basis  of  psychoneurosis. 

The  problems  encountered  in  the  treatment  of  mediastinal  injuries  are 
illustrated  in  the  folloAving  case  history : 


Case  4 

Management  overseas.— This  19-year-old  Japanese- American  infantry¬ 
man  receiAnd  a  high  explosiAe  shell-fragment  Avound  of  the  left  chest  (fig. 
:202A)  at  1100  liours  on  8  NoAnmber  lOII,  at  Bifiontaine,  France.  He  received 
two  units  of  plasma  at  the  battalion  aid  station,  Avhere  the  Avound  Avas  packed 
Avith  a  dressing  sprinkled  Avith  sulfanilamide. 

When  the  casualty  Avas  received  at  the  11th  Field  Hospital  at  1345  hours, 
lie  Avas  in  deep  shock.  The  blood  pressure  Avas  80/70  mm.  Hg,  the  pulse  128, 
and  the  respirations  40.  The  massive  sucking  Avound  of  the  left  anterior  chest 
Avas  occluded  by  an  airtight  packing. 
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After  200  cc.  of  plasma  had  been  given,  pulmonary  edema  occurred,  and 
no  more  plasma  was  given.  Tracheal  suction,  repeated  several  times,  produced 
quantities  of  thin,  pinkish  fluid.  When  only  20  cc.  of  fluid  could  be  obtained 
by  thoracentesis,  the  pack  in  the  wound  was  temporarily  loosened,  whereupon 
a  large  amount  of  bloody  fluid  escaped.  An  attempt  at  blood  transfusion 
precipitated  pulmonary  edema,  and  endotracheal  suction  was  again  applied, 
with  positive  pressure  oxygen  therapy,  the  anesthetic  bag  being  squeezed  with 
eacli  inspiration. 

Eoentgenologic  examination  (lig.  203A  and  B)  showed  haziness  of 
the  entire  left  lung  field,  a  shift  of  the  heart  to  the  right,  and  subcutaneous 
emphysema.  The  right  lung  was  fairly  clear. 

At  the  end  of  8  hours  of  the  regimen  described,  the  patient's  condition 
was  still  precarious.  Blood  transfusion  was  again  attempted,  while  at  the  same 
time,  measures  were  carried  out  to  combat  wet  lung.  The  blood  pressure  was 
imperceptible  at  times,  but  eventually,  after  intercostal  nerve  block  and  the 
administration  of  atropine  gr.  1/150,  if  i"<^se  to  96/60  mm.  Hg. 

After  the  patienth  condition  had  improved  sufficiently  and  his  lungs  had 
been  dry  for  several  hours,  operation  was  undertaken  at  0130  hours  on  9 
November,  on  the  indications  of  continued  intrathoracic  hemorrhage ;  the  neces¬ 
sity  of  closing  the  sucking  wound;  and  the  possibility  of  both  diaphragmatic 
and  cardiac  injury.  The  operation  began  with  debridement  of  the  chest 
wall.  The  pectoralis  and  serratus  muscles  were  extensively  involved  (fig. 
202A) ,  the  defect  measuring  5  by  8  inches.  The  fifth  rib  was  shattered,  and 
had  to  be  removed  down  to  the  cartilage.  There  was  an  opening  2.5  by  3 
inches  in  the  fourth  and  fifth  intercostal  spaces. 

Excellent  exposure  of  the  pleural  cavity  (fig,  202B)  was  obtained  by  open¬ 
ing  the  fifth  intercostal  space  posteriorly.  A  massive  hematoma  occupied 
tlie  lower  lobe  of  the  left  lung  and  the  lingula  of  the  upper  lobe,  but  the  acces¬ 
sory  lobe  was  not  involved.  About  90  cc.  of  bloody  fluid  was  aspirated  from 
the  pericardium,  which  was  extremely  tense.  After  dirt,  cloth,  and  fragments 
of  rib  were  removed  from  tlie  pericardium,  it  was  seen  to  contain  a  large  hema¬ 
toma.  A  window  was  made  in  the  pericardial  sac,  to  j)ermit  drainage  into 
the  pleural  cavity,  which  contained  about  3,000  cc.  of  blood.  After  the  blood 
had  been  removed,  the  cavity  was  thoroughly  washed  out  with  physiologic  salt 
solution.  A  laceration  in  the  upper  lobe  of  the  left  lung  had  almost  completely 
sealed  over. 

Pleural  drainage  was  effected  in  the  second  intercostal  space  anteiuorly  and 
in  tlie  base  posteriorly  and  was  connected  with  a  closed-drainage  system. 

By  this  time,  the  lung  had  expanded  satisfactorily  and  there  was  no  further 
evidence  of  bleeding.  The  chest  wall  was  closed  (fig.  202C  and  D)  by  partial 
closure  of  the  intercostal  bundles  of  the  fifth  interspace.  The  pectoralis  major 
was  mobilized  from  above  and  brought  down  over  the  pleural  defect,  and  the 
serratus  magnus  was  brought  up  behind.  Since  the  muscles  were  abnormally 
thin,  it  was  necessary  to  close  the  skin  and  subcutaneous  tissues  with  mattress 
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Figure  203  (case  4). — Serial  roentgenograms  in  mediastinal  injury  with 
iiitrapericardial  foreign  bodies  and  lienintoma.  A.  Fosteroanterior  roentgeno¬ 
gram,  T  November  1044,  immediately  after  wounding,  showing  massive  left 
hemothorax,  with  slight  shift  of  mediastinum  to  right,  and  extensive  emphy¬ 
sema  of  left  chest  wall.  Right  lung  is  fairly  clear.  B.  Lateral  roentgenogram 
on  same  date  showing  diffuse  haziness.  No  radiopaque  foreign  body  is  seen. 
C.  Fosteroanterior  roentgenogram,  22  November  19G0,  IG  years  after  wound¬ 
ing,  showing  clear  lung  fields  and  normal  heart  shadow.  Note  muscular  defect 
of  left  anterior  chest  wall,  with  resection  of  anterior  portion  of  fifth  rib,  and 
tenting  of  left  diaphragm.  D.  Lateral  roentgenogram  on  same  date  showing 
defect  of  left  anterior  chest  wall  with  pleural  reaction  posterior  to  it  and 
high  anterior  tenting  of  left  diaphragm.  Otherwise,  the  findings  are  within 
the  normal  range. 
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sutures  anteriorly;  both  posterior  limbs  of  the  ^vouiid  ^yere  left  open  (fig. 
202E). 

Tlie  ■wound  in  the  left  arm  Avas  then  debrided.  Tlie  ulnar  neia  e  had  been 
traumatized  but  not  completely  lacerated.  The  brachial  artery,  hoAATATr,  had 
been  lacerated.  After  the  clot  AA'hich  occluded  it  had  been  milked  out  and  a 
free  floAv  of  blood  had  been  reestablished,  repair  Avas  accomplished  Avith  Am. 
00000  silk  sutures.  The  pulse,  AAdiich  had  not  preAuously  been  present  in  the  left 
AAuvist,  coidd  noAA^  be  felt. 

The  patient  made  a  satisfactory  recoAmry. 

Management  in  the  Zone  of  Interior, — When  the  patient  reached  the  Zone 
of  Interior,  no  further  surgery  on  the  chest  aa^is  necessary.  Repair  of  the 
ulnar  neia  e  aa  as  carried  out  at  DeWitt  General  Hospital,  Auburn,  Calif.  lie 
AA\as  discharged  from  the  Army  on  17  August  1046. 

Followup.— A  communication  from  this  patient  on  23  XoAmmber  1960  re- 
ATaled  that  he  Avas  AAa)rkiug  40  hours  a  Aveek  as  a  building  materials  salesman. 
He  had  no  difficulty  in  breathing  and  no  other  complaints.  Roentgenograms 
made  on  22  XoATinber  1960  (fig.  203C  and  D)  shoAved  the  left  lung  to  be 
completely  expanded  and  the  lung  fields  clear.  The  chest  AAmll  defect  aauis 
apparent  on  the  film,  both  laterally  and  anteriorly,  and  the  left  diaphragm  aa^is 
tented,  but  there  AAmre  no  other  abnormalities. 

Comment. — ^This  patient  aa^s  obseiwed  at  a  field  hospital  in  eastern  France 
AAuth  a  large  sucking  AAmund  of  the  anterior  chest  AA\all,  Avhich  undoubtedly  in- 
Amlved  both  the  lung  and  the  heart.  Stabilization  Avas  extremely  difficult 
and  occupied  some  10  hours.  Although  surgery  AA'as  taxing,  he  AAdthstood  it 
Avell ;  it  included  removal  of  foreign  bodies  from  the  pericardium,  pericardial 
drainage,  and  the  structural  problem  inherent  in  the  reconstruction  of  the 
anterior  chest  Avail.  The  pectoral  is  and  serratus  muscles  Avere  used  to  cover 
the  defect,  and  the  Aveakest  portion  of  the  repair  Avas  reinforced  by  closure 
of  the  skin  over  it.  The  associated  Avonnd  in  the  arm,  Avhicli  invoh^ed  both  the 
ulnar  nerve  and  the  brachial  artery,  also  required  a  taxing  repair. 

The  fact  that  this  patient  is  aatII  and  Avorking  AAuthout  complaints  refer¬ 
able  to  the  chest  16  years  after  Avounding  is  heartening  Avlien  one  considers  the 
severity  of  the  original  AAmund  and  the  complex  problems  invoh^ed  in  both 
resuscitation  and  initial  surgery.  The  presence  of  clear  lung  helds,  except  for 
diaphragmatic  tenting,  at  the  end  of  this  period  of  time  also  s^ieaks  aa'cII  for 
the  staged  management  employed  in  this  case. 

BLAST  INJURIES 

Generalized  blast  injury,  caused  by  a  Avawe  of  generalized  ^lositiA^e  pres¬ 
sure  folloAved  by  a  Avav^e  of  negative  pressure,  Avas  a  factor  in  21  cases  in  this 
series.  In  three  instances,  there  Avas  no  external  Avound  except  for  poAvder 
and  dirt  burns  of  the  skin.  Perforated  eardrums  AATre  present  in  four  cases, 
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and  transient  cardiac  irregularities  and  eAddences  of  cerebral  anoxia  were 
characteristic  of  the  early  stages  in  practically  all  cases. 

All  21  patients  were  e\nicuated  to  the  base  section,  wliere  3  patients  died 
of  Yvounds  not  directly  due  to  the  blast  injury.  After  periods  of  up  to  5  months, 
six  patients  YY^ere  returned  to  limited  duty  in  the  communications  zone.  The 
other  12  patients  Yvere  returned  to  the  Zone  of  Interior.  Aone  of  them  YY^as 
released  for  active  duty,  and  all  of  them  eventually  received  disability  dis¬ 
charges,  tYvo  Yvitli  the  diagnosis  of  psychoneurosis  as  the  principal  cause. 
lolloYvup  studies  showed  slight  pulmonary  emiYhysema,  but  no  instance  of 
clinical  dyspnea  Yvas  reported. 

Localized  blast  etl'ect,  due  to  the  impact  force  of  high  explosiY^e  shell  frag¬ 
ments  upon  the  chest  Yvall  and  thoracic  organs,  Yvas  a  factor  in  2^i‘actically 
every  patient  in  the  series  yvIio  had  a  severe  injury  of  the  chest  Yvall. 

I  he  folloYving  case  history  illustrates  the  pmbleins  of  blast  injuries  and 
the  typical  folloYAuip  status  of  tliose  Yvho  sustained  them  : 

Case  5 

Management  overseas,— This  21-year-old  infantryman  Yvas  20  feet  aYvay 
from  an  aerial  Immb  blast  Yvhich  occurred  at  1330  hours  on  10  AoYumber  1943, 
near  Venafro,  Italy.  He  Yvas  unconscious  for  a  short  period  of  time.  When 
he  regained  consciousness,  he  found  that  he  had  been  sprayed  Yvith  dirt  and 
had  sufFeied  facial  burns.  He  Yvas  picked  up  by  a  corpsman  shortly  after  the 
blast  and  taken  to  a  battalion  aid  station,  YY’here  he  yyyys  given  250  cc.  of  plasma 
and  morphine  gr.  14. 

When  lie  Yvas  admitted  to  the  94th  Evacuation  Hospital  at  LePezze  at 
15o0  hours,  he  complained  of  scY^ere  dyspnea,  orthopnea,  YYdieezing,  choking, 
slight  dY'S])hagia,  and  severe  chest  pains.  Coughing  produced  bloody  sputum. 

Examination  shoYY^ed  a  second  degTee  burn  of  the  face,  iiiYmlving  the  left 
cornea  and  conjunctiva,  but  no  other  external  Yvounds.  The  veins  in  tlie  neck 
were  full.  The  patient  Yvas  cyanotic,  and  his  breathing  Yvas  extremely  difficult. 
Breath  sounds  Yvere  decreased,  and  in  some  areas  almost  absent,  over  the  right 
chest,  and  scattered  rales  YYure  also  heard  on  the  left.  The  heart  sounds  were 
distant  and  slightly  irregular. 

The  left  tympanic  membrane  Yvas  ruptured.  Hearing  Yvas  impaired  on 
this  side,  and  later  there  Yvas  slight  drainage  from  the  ear. 

Roentgenologic  examination  on  11  November  1943,  the  day  after  injury 
(fig.  204A),  showed  diffuse  bilateral  haziness  and  inhltration,  Yvhich  Yvere  taken 
to  indicate  petechial  pulmonary  hemorrhage  and  edema. 

Treatment  consisted  of  oxygen  administration  by  nasal  catheter,  repeated 
catheter  bronchial  aspiration,  restriction  of  fluids  by  mouth,  and  control  of 
the  chest  pain  by  small  doses  of  morphine.  The  patient  Yvas  not  digitalized, 
and  he  Yvas  not  given  intraY^enous  flui ds. 

The  lungs  gradually  cleared  (fig,  204B),  and  14  days  after  Yvounding, 
he  Yvas  evacuated  to  a  base  hospi  tal .  ^ 
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Figuee  204  (case  5). — Serial  roentgenograms  in  blast  injury.  A.  Postero- 
anterior  roentgenogram,  11  November  1943,  24  hours  after  injury,  showing 
diffuse  bilateral  hayaness  and  intiltration  indicative  of  petechial  pulmonary 
hemorrhage  and  edema.  I>.  Posteroanterior  roentgenogram,  17  November 
1943,  showing  clearing  of  lung  field.  C.  Posteroanterior  roentgenogram,  7 
January  1960,  16  j^ears  after  severe  blast  injury.  The  only  abnormality  is 
slight  emphysema  of  upper  lobes.  The  diaphragms  are  at  level  of  the 
eleventh  ribs ;  their  contours  are  rounded.  Heart  is  also  normal. 


Management  in  the  Zone  of  Interior.— In  the  Zone  of  Interior,  the  pa¬ 
tient  required  no  treatment  for  the  blast  injury.  The  considerable  facial 
scarring  left  by  the  powder  burns  was  treated  by  plastic  surgery  at  Valley 
Forge  General  Hospital,  Phoenixville,  Pa.,  in  March  1944.  On  28  November, 
he  was  returned  to  limited  duty  and  served  without  difficulty  until  his  discharge 
on  1  September  1945, 

Followup. — Since  his  discharge  from  the  Army,  the  patient  has  been  fol¬ 
lowed  up  in  the  Veterans’  Administration.  His  only  complaint  is  brief,  mild 
headaches,  about  three  times  a  Aveek,  relicA^ed  by  simple  medication.  They  are 


THORACIC  SURGERY 


thoug-lit  bj  the  iieiiroloa'ist  to  be  exhdence  of  an  early,  mild,  chronic  brain  syn¬ 
drome  as  a  result  of  the  blast  injurj^ 

Ixoento-enologic  examination  on  T  January  lOGO,  16  years  after  the  blast 
injury  (fio-.  201:C),  shoAved  no  abnormality  except  mild  pulmonary  emphysema 
of  the  upper  lobes. 

Comment.— This  case  history  illustrates  a  typical  blast  injury,  produced 
by  a  powerful  AvaA'e  of  positive,  folloAved  b}’  a  wave  of  negative,  air  pressure, 
from  a  bomb  apparently  of  considerable  size.  The  infantryman  Avas  about  20 
feet  from  the  bomb,  his  nearness  to  it  being  shoAvn  by  the  superficial  burns  and 
dirt  Avounds  of  tlie  skin  of  the  face.  The  symptoms  and  signs  Avere  those  usually 
oliserved  in  serious  blast  injuries.  They  included  unconsciousness,  seA^ere 
dyspnea,  hypoxia,  seA'Cre  chest  pain,  and  rupture  of  an  eardrum.  The  dilata¬ 
tion  of  the  veins  of  the  neck  indicated  increased  venous  pressure,  and  the  Avet 
lung  syndrome  Avas  characterized  by  the  presence  of  persistent  rales  and 
rhonchi. 

Treatment  included  maintenance  of  a  clear  airAvay  by  repeated  catheter 
aspirations;  the  administration  of  oxygen,  to  provide  adequate  oxygenation  of 
the  blood  AAGiile  the  lung  Avas  healing;  restriction  of  fluids  by  mouth ;  and  avoid¬ 
ance  of  administration  of  fluids  l)y  vein.  With  these  measures,  digitalization 
Avas  not  necessary. 

This  casualty  could  be  returned  to  active  duty,  and  16  years  after  the  blast 
injury,  lie  is  in  good  health  and  is  leading  an  actiA  e  life.  lie  has  no  pulmonary 
symptoms  and  there  are  no  significant  roentgenologic  findings.  The  only 
(minimal)  evidence  of  the  injury  takes  the  form  of  occasional  mild  headaches. 

THORACOABDOMINAL  WOUNDS 

Thoracoabdominal  wounds,  Avhich  occurred  25  times  in  these  167  thoracic 
Avounds,  represented  the  combined  problems  encountered  Avhen  tAvo  major 
serous  caAfities  A\ere  iiiA'oh'ed.  The  seriousness  of  these  prolilems  is  eAudent 
in  certain  facts: 

1.  Three  casualties,  as  already  mentioned  (p.  450),  died  of  late  com¬ 
plications  in  base  hospitals. 

2.  No  patient  in  this  grou2>  Avas  returned  to  duty  from  the  forAvard  area, 
although  four  performed  limited  duty  in  base  sections  of  the  Mediterranean 
or  European  theaters  Avithin  2  months  after  Avounding. 

o.  Secondary  surgery  Avas  required  in  six  cases,  three  times  for  drainage  or 
empyema,  tavice  for  drainage  of  subphrenic  infections,  and  once  for  remoAuil  of 
a  foreign  body  Avhich  Avas  left  in  situ  in  the  forAvard  area  because  of  the 
urgency  of  the  abdominal  Avounds. 

4.  All  patients  Avho  returned  to  the  Zone  of  Interior  eventually  receded 
disaljility  discharges,  in  one  instance  almost  10  years  after  Avounding. 

The  folloAving  case  liistories  illustrate  the  course  of,  and  the  ])roblems 
inA'olA^ed  in,  thoracoabdominal  Avounds : 
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Case  6 

Management  overseas. — This  22-year-old  infantryman  was  wounded  in 
the  left  lower  chest  anteriorly  (fig.  20r)A)  at  1200  hours  on  28  September  1044, 
at  Faucompierre,  h^rance.  He  Avas  standing  about  100  feet  from  an  88-mm. 
shell  explosion.  He  Avas  knocked  doAA^ii  but  did  not  lose  consciousness.  7\  ithin 
15  minutes,  lie  aa^is  taken  to  a  battalion  aid  station,  AAdiere  he  aa^is  giATii  eight 
sulfonamide  tablets  by  mouth  and  a  unit  of  plasma  intra\'enously.  Ihe  Avound 
Avas  sprinkled  AA'ith.  a  sulfonamide  poAvder  and  dressed. 

Wlien  he  Avas  admitted  to  the  11th  Field  Hospital  at  Eloyes,  France,  the 
AA'ound  Avas  bleeding  moderately.  PTe  complained  of  moderate  pain  in  the  chest 
and  seAxre  ])ain  in  tlie  left  uiiper  quadrant  of  the  abdomen.  The  blood  pressure 
Avas  120/78  mm.  Hg,  the  ])ulse  80,  and  the  respirations  20. 

The  Avound  in  the  lower  left  chest  Avas  close  to  the  costal  margin  in  the 
eiglith  intercostal  space.  It  Avas  packed  because  movement  of  the  chest  AA’all 
caused  sucking.  Breath,  sounds  on  the  left  Avere  decreased,  but  the  right  lung 
shoAved  no  abnormalities. 

The  patient  complained  of  increased  pain  in  the  abdomen  immediately 
after  admission  to  the  field  hospital.  Examination  revealed  tenderness  in  the 
left  upper  quadrant:  pressure  on  any  portion  of  the  abdomen  produced  pain 
in  this  area. 

Roentgenologic  examination  (tig.  20f)A)  shoAved  a  large  metallic  foreign 
body  beloAv  the  left  diaphragm,  at  the  level  of  the  eleA^enth  rib.  The  lung  fields 
Avere  hazy. 

The  patient  had  eaten  a  K-ration  5  hours  before  Avounding,  and  gastric 
hiAuige  produced  undigested  food  along  Avith  bloody  fluid. 

ObAuously,  peritoneal  contamination  had  occuri‘ed  from  a  Avound  of  the 
gastrointestinal  tract,  and  operation  Avas  urgent.  At  1580  hours,  Avhen  the 
anesthesiologist  began  induction,  the  blood  pressure  fell  to  40/0  mm.  Hg. 
After  a  transfusion  of  500  cc.  Avas  given,  the  systolic  pressure  rose  to  90  mm. 
Hg,  and  operation  Avas  restarted  at  1630  hours. 

The  Avound  at  the  eighth  intercostal  space  Avas  debrided  and  the  incision 
Avas  extended  along  this  interpace  (fig.  205A),  to  expose  the  pleural  caAuty. 
The  diaphragm  Avas  found  AAudely  torn.  The  omentum  had  herniated  into  the 
left  pleural  caA^ity,  AAdiich  also  contained  gastric  contents.  lYlien  the  diaphragDii 
Avas  opened  posteriorly,  proAuding  excellent  exposure  of  the  upper  abdomen 
(fig.  205B  and  C),  an  8-cm.  tear  Avas  found  in  the  stomach.  Botli  the  spleen 
and  the  pancreas  Avere  lacerated.  The  foreign  body  responsible  for  these 
AA’ounds,  Avhich  Avas  4  by  1  by  2  cm.,  had  dropped  back  into  the  stomach.  It 
AAais  remoAud,  after  AAdiich  the  gastric  laceration  Avas  repaired  and  the  spleen 
Avas  remoATd.  Blood  in  the  amount  of  1,000  cc.  Avas  aspirated  from  the  peri¬ 
toneal  cav^ity,  AAdiich  also  contained  a  small  amount  of  gastric  contents.  The 
rent  in  the  gastrocolic  omentum  Avas  repaired.  The  diaphragm  Avas  closed  Avith 
a  double  layer  of  interrupted  silk  sutures.  The  chest  Avail  Avas  closed  in  layers 
Avith  similar  suture  material.  Closed  intrapleural  drainage  Avas  instituted. 
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Ficure  20")  (case  (>). — Selieir.atic  sliowiiiii'  of  thoraeoalKloiuinal 
wound,  A.  AVonnd  of  entrance :  Shell  frai^inent  woniid  in  anterior 
eighth  intercostal  simce  (a),  metallic  foreign  body  (b),  and  in¬ 
cision  in  eighth  intercostal  space  (c).  1>.  Diagram  of  course  of  mis¬ 
sile;  ound  of  chest  wall  (a),  laceration  of  diaphragm  and  stomach 
(b),  foreign  body  (c),  and  laceration  of  spleen  and  pancreas  (d). 
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Figure  20.').— CoiUiiiued.  C.  Ex(‘('llent  exposure  of  left  up¬ 
per  abcloiuen  at  operation,  with  diaiihragm  opened  and  rib 
spreaders  in  place  :  Anterior  wound  in  stomach  (a),  posterior 
wound  in  stomach  (b),  foreign  body  (c)  responsible  for  lac¬ 
erations  of  pancreas  (d),  spleen  (e),  and  left  lower  lobe  of 
lung  (f). 

The  immediate  postoperatiAT.  recoA'ery  "was  satisfactory,  but  on  the  follow¬ 
ing  morning,  the  patient  was  dyspneic  and  cyanotic,  and  diffuse  rales  were 
heard  over  both  lungs.  Thoracentesis  produced  500  cc.  of  bloody  fluid.  Be¬ 
cause  the  hematocrit  showed  hemoconcentration,  an  intravenous  infusion  of 
glucose  and  physiologic  salt  solution  was  given,  together  with  250  cc.  of  plasma. 
Bilateral  intercostal  nerve  block  was  carried  out  from  the  sixth  through  the 
twelfth  nerves.  The  penicillin  therapy  begun  before  operation  xvas  continued. 
Thereafter,  the  patient  coughed  and  raised  sputum,  and  the  lungs  cleared. 

On  the  eighth  postoperative  day,  peristalsis  was  active,  and  fluids  were 
permitted  by  mouth.  On  the  10th  postoperative  day,  signs  of  consolidation 
were  demonstrable  in  the  right  lower  lobe,  and  some  fluid  was  present. 
Bronchoscopy  produced  thick  mucus  from  the  right  loAver,  middle,  and  upper 
lobes,  and  a  small  amount  from  the  left  side.  The  temperature  ranged  from 
100°  to  101°  F. 

Koentgenologic  examination  on  the  loth  day  (fig.  20()B)  re\caled  fluid 
and  infiltration  in  the  loAver  two-fifths  of  the  right  lung  held  and  fluid  in  the 
left  costophrenic  angle.  Because  of  the  pneumonitis  and  fluid  on  the  right 
side,  subphrenic  abscess  AAvas  considered  a  paramount  diagnostic  possibility. 
On  the  19th  posto])erative  day,  thoracentesis  produced  700  cc.  of  clear  fluid 
from  the  right  pleural  caAdty.  Roentgenologic  examination  (hg.  206C) 
after  this  procedure  still  shoAved  pleural  fluid  bilaterall}^,  especially  on  the 
right. 
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Figuee  200  (case  0). — Serial  roeiitgeiiograms  in  tlioracoabcloniiiial  woniul. 
x4.  Posteroaiiterior  roeiitgenogTain,  28  September  1044,  iiiimediately  after 
wounding,  showing  large  metallic  foreign  body  below  left  diaphragm,  at 
level  of  eleventh  rib,  with  haziness  of  both  lung  fields.  B.  Fosteroanterior 
roentgenogram,  11  October  1044.  showing  tluid  in  left  costophrtmic  angle 
and  fluid  and  infiltrative  process  in  lower  two-fifths  of  right  lung  field. 

C.  Postiu’oanterior  roentgenogram.  10  October  1044,  showing  fluid  in  both 
pleural  cavities,  more  marked  on  right. 

On  the  followino-  clay,  tlie  patient  was  evaciiatecl  to  the  36th  General 
Hospital  at  Dijon,  France.  Here  the  plenral  efFnsion  on  the  right  gradually 
resolved.  On  the  left  side,  the  fluid  became  purulent  and  rib-resection  drain¬ 
age  was  required.  A  subphrenic  infection  did  not  develop. 

Management  in  the  Zone  of  Interior.— At  Fitzsimons  General  Hospital, 
Denver,  Colo.,  to  which  the  patient  Avas  eA'acuated,  the  einpA^ema  pocket  on  the 
left  side  gradually  became  obliterated  without  further  surgery.  The  patient 
Avas  considered  for  limited  duty,  but  Avith  the  end  of  the  Avar  in  Europe  and 
the  reduced  necessity  for  manpoAver,  he  Avas  given  a  disability  discharge  on 
28  May  1945. 


FOLLOWUP  STUDII']S  OF  THORACIC  WOUNDS 


481 


Figi’ke  200. — Contiiiut'd.  D.  Posteroaiiterior  roeiit^'eiiog’i'Jiii-i.  19  Novciii- 
ber  1900,  10  years  after  wounding,  showing  long  fields  clear  except  for 
pleural  shadow  above  diaphragm  and  deformity  of  rib  in  lower  left 
costophrenic  angle  as  result  of  rib  resection  for  empyema.  E.  I.ateral 
roentgenogram  on  same  date,  showing  blunting  of  anterior  cardiophrcmic 
suleus.  lN)sterior  sulci  ar(‘  sharp,  and  lungs  are  clear. 


Followup.- — Following  liis  discharge,  the  patient  returned  to  an  active 
civilian  life.  At  tills  time  (Novembei'  1900),  lie  is  still  working  liard  as  a 
maintenance  ivorivci'  in  a  large  cit}'.  Tlie  work  at  times  involves  maiinal  labor, 
but  he  wrote  that  he  had  “no  ill  effects  from  his  injury”  and  considered  himself 
perfectly  Avell. 

Eoentgenologic  examination  on  19  Xoveinher  1900,  16  years  after  Avoiind- 
ing  (tig.  *2061)  and  E),  sliowed  clear  lung  fields  except  for  blunting  of  the 
lower  left  costophrenic  angle  as  a  result  of  rib  resection  for  empyema,  with 
some  blunting  of  the  anterior  cardiophrenic  sulcus. 

Comment. — Tins  casualty  had  serious  injuries,  including  a  sucking  wound 
of  the  chest;  a  tear  of  the  diaphragm;  and  lacerations  of  the  stomach,  spleen, 
and  pancreas.  Severe  blood  loss  and  early  contamination  of  the  pleura  and 
peritoneal  cavities  v'ith  gastric  contents  made  resuscitation  difficult.  The 
spleen  was  remoA^ed,  and  the  stomach,  panci'eas,  and  diaphragm  Avere  repaired. 
The  course  after  operation  Avas  stormy,  as  a  result  of  bilateral  pleural  effusion 
and  pueumonitis.  The  right  side  cleared  under  penicillin  and  sulfonamide 
therapy,  combined  Avith  aspiration  of  the  chest.  Empyema  developed  on  the 
left  side,  as  a  result  of  early  soiling  of  the  pleura  Avith  gastrict  contents.  Re- 
coA^ery  folloAA’ed  drainage  of  the  left  empyema,  Avith  a  coinj)lete  return  to  health. 
At  the  end  of  16  years,  this  man  has  no  residual  symptoms  and  is  hard  at  Avork, 

Case  7 

Management  overseas.^ — ^This  2P>-year-old  sergeant  in  a  chemical  Avarfare 
battalion  sustained  bilateral  shell -fragment  Avoimds  of  the  posterior  chest  at 
2130  hours  on  10  December  1944,  at  Enchenberg,  Erance.  He  Avas  given  four 
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Figuke  207  (case  7). — ^Sclieniatic  showing  of  thoraeoabcTomi- 
iial  woniid.  A.  AVouncLs :  Sucking  wound  over  left  eleventh 
rib  posteriorly  (a),  fracture  of  eleventh  rib  (b),  and  non- 
sucking  wound  in  right  chest  posteriorly  (c) . 


units  of  plasma  and  two  injections  of  morphine  at  a  battalion  aid  station.  The 
sucking  wound  in  the  left  chest  was  packed. 

When  he  was  admitted  to  the  54th  Field  Hospital  at  0200  hours  on  11 
December,  he  was  comatose,  apjYarentD  from  shock  and  from  the  two  injections 
of  morphine.  The  blood  pressure  was  90/60  mm,  Hg,  the  pulse  130,  and  the 
respirations  36.  His  respirations  were  wet  and  labored. 

Examination  revealed  shell-fragment  wounds  of  the  right  and  left  chest 
posteriorly.  The  wound  on  the  left  side  was  sucking  (fig.  20TA).  Eoengeno- 
logic  examination  (fig.  208A)  revealed  inassiA^e  opacity  of  the  left  chest,  hazi¬ 
ness  of  the  right  lung,  and  a  large  amount  of  gas  in  the  stomach.  After  gastric 
decompression,  another  examination  (fig.  208B)  showed  a  foreign  body  in  the 
upper  part  of  the  left  upper  lobe. 

Resuscitation  Avas  begun  immediately  and  continued  for  14  hours.  It 
included,  in  addition  to  gastric  decompression,  catlieter  suction  of  the  tracheo¬ 
bronchial  tree,  intratracheal  oxygen  administration  under  positive  pressure, 
and  the  sIoav  transfusion  of  1,000  cc.  of  blood. 

At  the  end  of  this  period,  tlie  lungs  Avere  clear  and  the  blood  pressure  had 
stabilized  at  112/72  mg,  Hg.  The  patient  Avas  therefore  taken  to  the  operating 
room  and,  under  endotraclieal  anesthesia,  the  pack  Avas  removed  from  the 
sucking  Avound  of  the  left  loAver  posterior  chest.  The  Avound  Avas  debrided 
doAAUi  to  the  pleura,  after  Avhich  it  Avas  extended  upAvard  and  laterally  along 
the  eleventh  intercostal  space.  The  eleventh  rib  Avas  diAuded  to  improve  ex¬ 
posure  (hg.  207B).  The  kidne}^  capsule  Avas  torn,  and  there  Avas  a  rent  3  by 
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Fiduiiio  20T.- — Coiitiiiiied.  C.  l^osterioi*  view  of  chest:  Cen¬ 
tral  portion  of  wound  packed  down  to  sutured  muscle  layers 
(a),  closure  of  skin  at  Itoth  ends  of  incision  (b),  wound  in 
ri4iht  posterior  chest  wall  after  del)ridement  and  packing-  with 
fine-mesh  gauze  (c),  Penrose  drain  to  hd’t  kidney  (d),  and 
closed  thoracostomy  drainage  tul)e  (e). 

1  cm.  in  the  posterior  lateral  portion  of  the  ripper  pole.  A  cathetcrized  {spec¬ 
imen  had  shorvn  blood.  Bleeding  was  controlled  witli  catgut  sutures,  so  that 
it  rvas  not  necessary  to  remore  the  kidney.  The  spleen,  which  rvas  badly  torn 
and  bleeding,  was  removed:  the  artery  and  vein  were  controlled  with  mattress 
vSntiires  of  Xo.  00  silk.  The  diajihragm,  Avhich  was  torn  near  the  dome,  was 
opened  anteriorly,  to  provide  ade(piate  exposure  of  the  inferior  pleural  cavity. 
Tlie  lower  left  pulmonary  lolie,  which  was  lacerated  and  the  site  of  a  hematoma, 
was  oozing  inoderately ;  it  was  re])aired  Avith  fine  catgut  sutures.  About  800  cc. 
of  blood  Avas  aspirated  from  the  pleural  caA’ity. 

Since  the  upper  pulmonary  lobe  expanded  fairly  Avell  at  this  i>oint,  it  Avas 
decided  to  reinoA  e  the  foreign  body.  It  Avas  left  in  situ,  hoAvever,  Avhen  exposure 
proA'ed  inadequate  and  there  Avas  no  evidence  of  leakage  of  air  or  bleeding 
from  the  affected  area.  Closed  catheter  drainao'e  Avas  instituted  in  the  eia’hth 
intercostal  space. 

The  diaphragm  Avas  debrided  and  closed  Avith  interrupted  sutures  of  Xo.  00 
silk.  Sulfanilamide  (3  gm.)  and  penicillin  (100,000  units)  Avere  left  in  the 
upper  abdominal  cavity.  The  kidney  Avas  drained  Avith  a  Penrose  sheath  drain 
through  a  stab  Avound  in  the  flank. 

The  latissimus  dorsi  Avas  closed  oA’er  the  defect  in  the  eleA^enth  intercostal 
space  in  the  central  portion  of  the  Avound,  Avhich  had  been  debrided,  and  this 
area  Avas  ^^'acked  Avith  gauze  doAAui  to  the  muscle  layer  (fig.  207C) .  The  anterior 
and  posterior  extensions  of  the  Avoimd  Avere  closed  in  layers. 
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Figitre  208  (case  7).^ — Serial  roeiiigenograiiis  in  thoracoabdominal 
wound.  A.  Postcroanterior  roentgenogram,  11  December  1911,  immedi¬ 
ately  after  wounding,  showing  massive  opacity  of  left  chest,  hairiness 
of  right  lung,  and  large  amoniit  of  gas  in  stomach.  B.  Oblique  roent¬ 
genogram  after  gastric  decompression,  with  Levin  tube  still  in  stomach. 
A  foreign  body  is  now  visible  in  left  upper  lung.  Left  chest  is  hazy. 
C.  Postero.anterior  roentgenogram  on  sixth  postoperative  day,  sliov  ing 
expansion  of  left  lung  but  somewhat  hazy  lung  field.  Retained  shell 
fragment  is  clearly  seen  in  left  mid  lung  held. 


Figure  2()S. — ContiiintMl.  D.  Posteroaiiterior  rocntgeiiograin.  19  No¬ 
vember  19()0,  almost  16  years  after  wounding,  showing  few  adhesions 
along  left  diaphragm,  healed  fracture  of  eighth  rib,  and  clear  lung  field. 

E.  Lat(‘ral  roentgenogram,  on  same  date,  showing  clear  lung  fields  and 
sharp  costophreuic  angles. 

The  right  posterior  ^yound  did  not  extend  through  the  muscle  layers  and 
did  not  involve  the  pleura,  so  it  required  only  debridement.  It  was  packed 
with  hne-mesh  gauze. 

The  patient  received  1,000  cc,  of  blood  during  the  operation,  which  he 
tolerated  well.  His  temperature  was  elevated  for  the  first  6  days,  but  othenvise 
his  recovery  was  satisfactory.  Koentgenologic  examination  (fig.  208C)  on  the 
sixth  postoperative  day  sliowed  the  left  lung  to  be  well  expanded. 

The  patient  was  evacuated  to  tlie  23d  General  Hospital  at  Vittel,  France, 
on  the  seventh  day  after  operation.  Here  an  elective  tlioracotomy  was  per¬ 
formed,  with  removal  of  the  foreign  body  in  the  left  upper  lobe. 

Management  in  the  Zone  of  Interior. — ^After  satisfactory  recovery  from 
this  operation,  the  patient  was  evacuated  to  the  Zone  of  Interior.  After 
hospitalization  at  Kennedy  General  Hospital,  Memphis,  Tenn.,  where  he  was 
found  to  1‘equire  no  further  active  treatment,  he  was  sent  to  a  reconditioning 
center  on  28  July  1945.  He  was  discharged  shortly  after  Y-J  Day. 

Followup.— A  communication  from  the  patient  on  26  November  1960 
stated  that  he  was  working  as  a  carpenter’s  helper,  was  married,  and  had  two 
children.  He  suffered  from  occasional  attacks  of  nausea  and  vomiting,  which 
responded  to  simple  medication.  He  had  no  breathing  diffLCulties  except  on 
strenuous  exertion,  when  he  became  somewhat  dyspneic. 

Eoentgenologic  examination  (fig.  2081)  and  E)  on  19  Kovember  1960 
showed  the  left  lung  to  be  well  expanded.  Two  pleural  streaks  were  seen  at 
the  left  base  in  the  posteroaiiterior  view,  but  the  costophreuic  angles  were  sharp 
in  the  lateral  film.  The  lung  fields  were  normal  except  for  prominence  of  the 
bronchovascul ar  markings. 
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Comment.— This  patient  was  admitted  to  a  field  hospital  in  serious  con¬ 
dition,  with  a  severe  thoracoabdominal  wound.  He  was  in  shock,  which  was 
complicated  by  both  the  wet  lung  syndrome  and  morphine  poisoning,  and 
resuscitation  required  14  hours.  At  operation,  it  was  found  possible  to  save 
the  damaged  kidney.  Since  the  foreign  body  in  the  left  upper  lobe  could  not 
be  reached  through  the  low  thoracoabdominal  incision  being  used,  it  was  left 
ill  situ  at  the  original  operation  and  removed  later  at  the  base.  The  hematoma 
of  the  left  lower  lobe  i-esolred  spontaneously.  Only  reconditioning  was  needed 
in  a  Zone  of  Interior  hospital. 

At  the  present  time,  the  patient  is  living  an  essentially  normal  life,  with 
only  occasional  minor  gastrointestinal  symptoms  and  some  dyspnea  on  stren¬ 
uous  exertion.  His  condition  immediately  after  wounding  was  so  precarious 
that  the  additional  surgery  necessary  to  remove  the  foreign  body  at  the  original 
operation  might  well  hai’e  been  fatal.  Vigorous  resuscitation,  staging  of 
surgery,  and  limitation  of  initial  wound  surgery  were  important  factors  in  the 
successful  result  and  in  the  patient’s  excellent  state  of  health  16  years  after 

woimdino-. 

Case  8 

Management  overseas.— This  21-year-old  infantrynican  sustained  shell- 
fragment  wounds  of  the  left  chest  (hg.  209 A),  shoulder,  upper  arm,  and  the 
scalp  at  1400  hours  on  22  September  1944.  He  was  given  sulfonamide  tablets 
and  two  units  of  plasma  at  the  battalion  aid  station. 

When  he  was  admitted  to  the  11th  Field  Hospital  at  Plombieres,  France, 
shortly  afterward,  he  was  not  in  shock.  The  blood  pressure  was  130/80  mm.  Hg, 
the  pulse  80,  and  the  respirations  36.  He  complained  of  severe  pain  in  the  chest 
and  the  abdomen. 

Breath  sounds  were  depressed  on  the  left,  apparently  chiefly  from  pain; 
there  was  improvement  when  intercostal  nerve  block  Avas  done.  Tenderness  and 
rebound  tenderness  in  the  left  upper  quadrant,  hoAvever,  persisted,  and  peri¬ 
toneal  contamination  had  evidently  occurred. 

Eoentgenologic  examination  of  the  chest  (fig.  210A  and  B)  showed  the 
lungs  to  be  comparatively  clear.  There  was  a  small  amount  of  fluid  at  the  left 
base,  and  a  small  fragment  in  the  left  upper  quadrant  of  the  abdomen  Avas  seen 
on  both  posteroanterior  and  lateral  films. 

Kesuscitation  consisted,  in  addition  to  intercostal  neiwe  block,  of  the  sIoav 
administration  of  500  cc.  of  blood  and  evacuation  of  the  stomach  through  a 
Levin  tube.  Xo  food  had  been  taken  that  day,  and  there  Avas  little  gastric 
content. 

AWien  the  patient  Avas  taken  to  the  operating  tent  at  1815  hours,  the  blood 
pressure  Avas  90/50  mm.  FTg  and  the  pulse  114.  Chest  iiwolvement  Avas  found  to 
be  minimal.  The  small  2-cm.  Avound  of  the  eighth  intercostal  space  (fig.  209A) 
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FiGiTin-:  200.^ — Coni  iinied.  C.  Anterolateral  chest  wall  at 
conclusion  of  operation:  Closed  thoracotomy  incision  (a), 
closed  pleural  draina,ae  tube  (b),  and  exteriorized  loop  of 
colon  over  glass  rod  (c). 

could  liare  been  handled  througli  either  the  chest  or  the  abdomen,  but  the 
location  of  the  foreign  body  indicated  an  approach  through  the  thorax.  After 
debridement  of  the  chest  wall,  the  incision  was  extended  along  the  eighth  inter¬ 
costal  space  and  the  pleural  cavity  was  opened.  A  moderate  amount  of  bloody 
fluid  was  aspirated.  The  lower  lobe  of  the  left  lung  was  lacerated  (fig.  209B). 
A  i^lug  of  omentum  had  herniated  through  a  perforation  in  the  diaphragm  and 
sealed  otf  the  pleural  cavity. 

Excellent  exposure  of  the  upper  abdomen  (tig.  2()9B)  was  secured  through 
an  anterolateral  incision  in  the  diaphragm.  The  spleen  and  the  stomach  were 
intact.  A  1-cm.  laceration  in  the  antimesenteric  border  of  the  transverse  colon 
was  repaired  with  fine  silk  sutures.  Localized  peritonitis  was  present  in  this 
area  only.  The  foreign  body  seen  on  the  roentgenograms  (fig.  210A  and  B) 
was  about  1  cm.  in  diameter  and  was  adjacent  to  the  colon.  It  was  remo^'ed. 
The  colon  was  exteriorized  through  a  couiiterincislon  in  the  left  upper  quadrant 
and  brought  out  over  a  glass  rod.  Exploration  revealed  no  other  injured  organs. 

The  diaphragm  was  closed  with  interrupted  silk  sutures.  Closed  drainage 
was  instituted  in  the  ninth  intercostal  space  posteriorly.  The  chest  wall  was 
closed  tightly  in  layers  (fig.  209C),  primary  closure  being  considered  safe 
because  of  the  small  size  of  the  wound. 

The  Avounds  of  the  shoulder,  upper  arm,  and  scalp  Avere  debrided. 

The  postoperative  course  Avas  benign.  The  highest  temperature  Avas  100.8° 
F.  The  exteriorized  loop  of  colon  healed  Avell,  and  gas  Avas  passed  after  the 
glass  rod  had  been  removed.  The  lungs  remained  clear  throughout  (fig.  210C) . 


c 


FictUkk  210  (case  S). — Serial  r()eiit,ueiio.i*raiiis  in  thoracoalKloniiiial  wound. 
A.  Posteroanterior  roeiitg-enograin  of  cdiest.  22  September  1044,  sliortly  after 
wounding,  slio-\ving  relatively  clear  lung  fields,  small  amount  of  fluid  in  left 
pleural  cavity,  and  small  metallic  foreign  body  in  left  upper  quadrant  of 
abdomen.  Levin  tube  in  esophagus  is  shown  by  arrow.  B.  Lateral  roentgeno¬ 
gram  on  same  date,  showing  small  inetallic  foreign  body  in  left  upper 
quadrant  of  abdomen  and  haziness  of  lungs.  Note  that  an  artifact  present 
in  iiosteroanterior  Auew  is  not  seen  in  lateral  view.  C.  Posteroanterior 
roentgenogram  showing  expansion  of  left  lung  on  sixth  postoperative  day. 
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Figure  210. — Contiimecl.  D,  Posteroanterior  roentgenogram  of  chest,  14  Feb¬ 
ruary  1961,  16  years  and  5  months  after  wounding,  showing  clear  lung  fields. 
Left  diaphragm  is  fiat  and  costophrenic  sinus  is  blunted  laterally.  E.  Lateral 
roentgenogTam  on  same  date,  showing  prominent  broncho  vascular  markings, 
tenting  of  diaphragm  anteriorly,  and  sharp  posterior  diaphragmatic  sulcus. 


The  patient  tvas  evacuated  to  the  46th  General  Hospital  on  the  10th  post¬ 
operative  day.  Here  the  loop  colostomy  was  opened  when  some  distention 
developed.  It  was  closed  shortly  afterward. 

Management  in  the  Zone  of  Interior. — When  the  patient  ivas  evacuated 
to  Battey  General  I-Iospital,  Borne,  Ga,,  on  29  December  1944,  he  required  only 
rehabilitation.  After  a  period  of  service  on  limited  duty,  he  was  discharged 
in  August  1945. 

Followup. — A  communication  from  this  patient  on  14  February  1961 
stated  that  he  had  Avorked  as  a  truck  driver  since  the  Avar.  He  Avas  married 
and  had  children.  He  had  no  digestive  symptoms  and  no  dyspnea  and  con¬ 
sidered  himself  Avell  except  for  occasional  pain  in  the  left  chest.  Boentgeno- 
grams  at  this  time  (fig.  210D  and  E)  shoAved  no  abnormalities  of  consequence. 

Comment. — This  patient  had  a  satisfactory  recovery  after  seA- ere  thoraco¬ 
abdominal  Avounds  and  multiple  other  injuries.  Several  reasons  may  be  given : 
He  Avas  admitted  to  a  field  hospital  75  minutes  after  AA^ounding.  The  gastroin¬ 
testinal  tract  Avas  almost  empty,  since  he  had  taken  no  food  that  day.  Minimal 
contamination  occurred  because  of  the  prompt  handling  of  the  lacerations  of 
the  lung,  diaphragm,  and  colon.  The  pleura  Avas  spared  serious  contamination 
because  the  omentum  partly  blocked  off  the  Avoimd  of  the  colon  and  also  plugged 
the  diaphragmatic  Avound.  Had  the  Avar  continued,  this  man  could  have  gone 
back  to  full  duty.  He  is  Avell  at  tliis  time,  more  than  16  years  after  Avounding. 
and  is  leading  an  active  ciAulian  life. 
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Case  9 

Management  overseas.^ — This  21-year-olcI  infantryman  sustained  a  high 
explosive  sliell -fragment  ^vonnd  of  the  left'  chest  at  1()25  hours  on  30  October 
1944  in  the  mountains  of  norihern  France.  At  the  battalion  aid  station,  the 
sucking  v'ound  was  packed  (fig.  211  A),  and  he  was  given  morphine  gr.  f4- 

When  he  was  admitted  to  the  lltli  Field  IIosi)ital  at  Eloyes  at  1825  hours, 
he  was  in  shock,  Avith  a  blood  pressure  of  80/50  mm.  ITg,  lie  complained  of 
severe  chest  and  al)dominal  pain  and  Avas  spitting  up  blood.  Breath  sounds 
Avere  absent  on  the  left.  The  right  chest  Avas  clear.  Tenderness,  spasm,  and 
rebound  tenderness  Avere  present  in  the  left  upper  quadrant  of  the  abdomen. 
Ivoentgenograms  are  shoAvn  in  figure  212.  Tlie  right  chest  Avas  fairly  clear, 
and  the  cardiac  shadoAV  Avas  not  enlarged.  A  small  foreign  body  Avas  dis¬ 
cerned  in  the  region  of  the  left  upper  quadrant  of  the  abdomen.  On  further 
examination  (fig.  212A  and  B),  it  Avas  seen  that  tAvo  foreign  bodies  Avere  pres¬ 
ent,  one  deep  in  the  left  upper  quadrant  and  the  other  apparently  in  the  ab¬ 
dominal  Avail.  Ivoentgenogram  (fig.  21 2C)  shoAved  haziness  oati*  the  left 
chest. 

Tavo  units  of  plasma  Avere  gwen  as  soon  as  the  patient  Avas  admitted,  and 
transfusions  of  1,500  cc.  of  blood  Avere  giA^en  oati*  the  next  3  hours.  By  the 
end  of  this  time,  the  blood  pressure  Avas  stabilized.  Since  there  Avas  no  improve¬ 
ment  in  the  abdominal  symptoms  and  signs,  the  patient  AA^as  taken  to  the 
operating  room  at  2125  hours. 

The  sucking  Avound  in  the  sixth  intercostal  space  Avas  debrided,  and  the 
incision  Ai  as  extended  in  this  interspace  doAAUi  to  tlie  costal  margin.  The  left 
loAver  lobe  of  the.  lung  Avas  lacerated  (fig.  211 B)  and  aa^is  the  site  of  a  small 
hematoma.  The  diaphragm,  Avhich  Avas  torn,  Avas  opened  at  the  dome  antero- 
laterall^x  This  provided  excellent  exposure  of  the  upper  abdomen.  The  spleen, 
Avhicli  Avas  badly  torn,  Avas  bleeding  and  Avas  removed.  Tavo  perforations  in  the 
stomach  Avere  repaired  easily,  as  Avas  a  through-and-through  Avound  of  the 
splenic  flexure  of  the  left  colon.  A  small  foreign  body  aaiis  found  in  this 
region,  and  a  larger  object,  palpated  in  the  anterior  abdominal  Avail,  Avas  re¬ 
moved  Ihrough  a  counterincision.  The  splenic  flexure  of  the  colon  Avas  mobi¬ 
lized,  tlie  perforations  in  it  closed,  and  the  iiiAmlA  ed  area  brought  out  through 
a  stab  Avound  in  the  left  upper  quadrant  of  the  abdomen,  oA^er  a  glass  rod. 

The  diaphragm  Avas  repaired  Avith  interrupted  No.  00  silk  sutures.  Closed 
pleural  drainage  Avas  instituted  in  the  eighth  intercostal  space;  the  catheter 
Avas  connected  to  a  closed  system.  After  the  pleural  cavity  had  been  thoroughly 
lavaged  Avith  physiologic  salt  solution,  the  chest  Avail  Avas  closed  in  la3’ers.  The 
central  portion  of  the  Avound  Avas  left  open  (fig.  211(C  and  Avas  packed  Avith 
fine-mesh  gauze  doAvn  to  the  muscle  la^^er. 

For  the  first  Aveek  after  operation,  the  temperature  rose  daily  to  101°  F. 
Peristalsis  Avas  observed  on  tlie  second  day.  The  colostomy  Avas  opened,  and 
fluids  by  mouth  Avere  permitted.  The  lung  expanded  Avell  and  there  Avas  only  a 
moderate  pleural  reaction  Avhen  the  patient  Avas  evacuated  to  the  23d  General 
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Figure  212  (case  9). — Serial  i-oeiitgeiiograiiis  in  (lioracoabdoininal  wguikI, 
A.  Anteroposterior  roentgeiiograni  of  a])donieii  showing*  two  intra-abdoiniiial 
foreign  bodies.  B.  Lateral  roentgenogram  of  chest  and  abdomen  on  same 
date,  showing  two  metallic  foreign  bodies  in  left  upper  quadrant.  C.  Pos- 
teroanterior  roentgenogram  of  chest,  30  0('tol)er  1044,  immediately  after 
wounding,  showing  haziness  of  left  hemothorax,  diffuse  pleural  fluid,  and 
small  metallic  foreign  body  in  left  upper  quadrant.  Right  lung  is  fairly 
clear. 
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Figure  212, — Continued.  D.  Posteroanterior  roentgenogram,  20  December 
lOGO,  IG  years  after  wounding,  showing  flat  left  diaphragm  and  relatively  clear 
lung  fields.  E.  Lateral  roentgenogram  on  same  date,  showing  sharp  costo- 
phrenic  angles. 

Hospital,  Vittel,  France,  on  the  lOtli  day.  He  had,  howei'er,  complained  of 
some  pain  and  distention  in  the  left  upper  quadrant.  Later,  swelling,  tender¬ 
ness  in  the  left  costal  margin,  and  fever  indicated  the  development  of  a  sub- 
phrenic  abscess,  which  was  drained  successfidly  on  30  November  1944. 

Management  in  the  Zone  of  Interior. — The  patient  was  evacuated  to 
Barnes  General  Hospital,  Vancouver,  Wash.,  on  29  December  1944.  The 
colostomy,  which  functioned  well,  was  closed  in  April  1945.  Pie  received  a 
disability  discharge  on  11  August  1945. 

Followup. — On  28  December  1960,  the  patient  reported  that  he  had  Avorked 
as  a  printer  since  his  discharge  from  tlie  army.  He  was  married  and  had  six 
children.  Pie  had  no  digestive  or  other  complaints  and  considered  himself 
Avell.  Roentgenograms  made  on  29  December  1960  (fig.  212P)  and  E)  revealed 
clear  lung  fields,  Avitli  prominent  bronchovascular  markings. 

Comment.— This  was  a  patient  Avith  an  extremely  severe  thoracoabdominal 
Avound,  AAdiich  Avas  treated  promptly,  though  before  his  admission  to  the  field 
hospital,  spillage  of  contents  into  the  upper  abdomen  from  Avounds  of  the 
stomach  and  colon  had  produced  severe  shock.  Prompt  surgery  Avas  lifesaving 
in  this  case.  Colostomy  prevented  further  contamination  of  the  upper  abdomen. 
The  subphrenic  abscess  Avhich  developed  Avas  promptly  drained  at  the  base 
section  hospital,  and  l^ealing  Avas  satisfactory.  The  colostomy  Avas  closed 
Avithout  difficulty  in  a  Zone  of  Interior  hospital.  Although  the  chest  trauma 
in  this  case  Avas  moderately  se\’ere,  the  Avound  could  perhaps  have  been  handled 
from  beloAv.  Pixposure,  hoAvever,  Avould  have  been  more  difficult,  and  it  Avas 
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tlioiig-lit  better  to  Imndle  the  suckiiio-  wound  of  the  chest  and  tlie  wound  of  the 
diaplirao'in  in  a  siiia’le  operation.  The  excellent  health  of  tlie  patient  16  years 
after  operation  points  up  the  Aailue  of  the  staged  treatment  that  he  received. 


HEMATOMA 

The  diagnosis  of  intrapulmonary  hemorrhage  or  hematoma  was  made  in 
forward  hospitals  in  80  cases  in  this  series.  When  tlie  chest  was  not  opened  and 
only  a  debridement  of  the  chest  Avail  Avas  done,  the  diagnosis  Avas  made  on 
clinical  grounds.  When  jmenmonitis  and  atelectasis  could  be  ruled  out,  the 
presence  of  hemoptysis  and  a  pulmonary  parenchymal  shadoAv,  Avith  sIoav  reso¬ 
lution  of  the  shadow,  Avas  regarded  as  conhrmation  of  the  diagnosis. 

Hematoma  of  the  lung  is  a  pathologic  process  in  Avhich  there  is  extraA^isa- 
tion  of  blood  into  the  alveoli  and  interalveolar  tissue  of  the  pulmonary  paren¬ 
chyma.  Observations  at  base  section  hospitals  in  the  communications  zone 
shoAved  that  these  lesions  resoh  ed  sloAvly  Avitliin  4  to  6  weelcs,  according  to  their 
seA'erity.  No  mention  is  made  of  their  persistence  in  any  of  the  roentgenologic 
reports  in  this  series  at  Zone  of  Interior  hospitals  from  2  to  5  months  or  longer 
after  Avounding. 

In  other  Avords,  all  89  hematomas  resolved  spontaneously  and  Avithout 
morbidity.  No  resection  of  any  type  Avas  performed  for  them,  nor  did  lung 
abscess  or  other  secondary  infection  develop  in  any  instance,  even  Avhen  a 
massive  hematoma  of  an  entire  lobe  might  li(][uefy  to  produce  a  cystlike  shadoAV 
on  the  roentgenogram. 

The  evidence  from  these  89  cases  thus  clearly  indicates  that  there  is  no 
reason  to  2)erform  lobectomy  or  segmental  resection  of  a  lung  that  at  initial 
Avound  surgery  is  tense  and  boggy  and  contains  large  amounts  of  extravasated 
blood.  As  alarming  as  such  a  lung  may  appear  to  a  surgeon  avIio  is  A'icAving 
his  first  pulmonary  hematoma,  tliere  should  be  no  surgical  interference.  The 
lung  has  tremendous  recuperative  poAver  because  of  its  dual  blood  supply  from 
the  bronchial  and  pulmonary  arteries,  and  recovery  can  be  expected  Avithout 
complications  Avhen  this  natural  poAver  is  supplemented  l)y  vigorous  measures 
to  keep  the  bronchial  tree  clear  of  blood  and  mucus  and  the  pleural  caA'ity 
dry. 

The  concept  of  noninterference  in  pulmonary  heinatoma  formation  is 
one  of  the  important  advances  in  thoracic  surgery  developed  in  World  War  II. 

Case  10 

Management  overseas.— This  31-year-old  infantryman  Avas  Avounded  by  a 
fragment  of  a  20-mm.  missile  from  a  German  airplane  at  1500  hours  on  24  April 
1945,  at  Amerbach,  Germainv  After  a  delay  of  25  minutes,  the  ensuing  sucking 
AA'ound  Avas  packed  Avith  petrolatum-impregnated  gauze  at  a  battalion  aid 
station,  and  sulfonamide  crystals  Avere  ])laced  in  the  Avound. 
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Figuke  213  (case  10) Scliematic  sli<m'iiig  of  thoracic  wound  with 
inaj^sivc  luanatoina  of  the  right  lung'.  A.  Course  of  missile :  Anterolat¬ 
eral  wound  of  entrance  in  eighth  right  intercostal  space,  with  resulting 
sucking  wound  (a),  passage  of  missile  through  lung  to  lodge  close  to 
mediastinum  jmsteriorly  (h),  and  high  explosive  shell  fragment  (c). 
Location  of  the  wound  introduced  the  possibility  of  diaphragmatic 
laccu'ation. 


When  he  ayos  admitted  to  the  OBth  Field  Hospital  at  Gunzeiihansen,  Ger- 
inaiiY,  at  1855  hours,  he  Avas  cyanotic  and  dysi)neic,  and  his  respirations  Avere 
Avet  and  labored  and  Avere  40  to  the  minute.  The  blood  pressure  Avas  150/72 
nun.  Pig  and  the  pulse  120. 

Examination  reA^ealed  a  large  anterolateral  sucking  Avound  of  tlie  eighth 
i]itercostal  space  (hg.  213A),  packed  AAUth  an  airtight  dressing.  Pliere  Avere 
signs  of  duid  and  air  in  the  right  chest  (fig.  214A  and  E),  and  numerous  Avet 
rales  over  both  lung  fields,  but  no  cardiac  shift. 

Ivesuscitation  occupied  16  hours.  It  consisted  of  the  administration  of 
oxygen;  the  immediate  sIoav  administration  of  500  cc.  of  blood  and  the  de¬ 
ferred,  very  sIoav,  administration  of  1,000  cc.  of  blood;  evacuation  of  the  pleural 
cavity  by  loosening  the  gauze  ])acking  and  tipping  the  patient  so  that  the  Avound 
drained  about  500  cc.  of  blood;  intercostal  nerve  block  (T.i-Ts) ;  and  bronchial 
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aspiration  per  catheter.  The  patient  conglied  volnntarily  after  tlie  nerve  block 
and  tlie  catheter  aspiration,  and  the  lung  gvudnally  cleared  of  rales. 

The  wound  in  the  right  thoracic  wall  was  tlioronglily  debrided  under 
endotraclieal  anesthesia.  Fragments  of  the  fractured  eighth  rib  were  resected 
and  the  incision  Avas  extended  in  the  intercostal  space  to  make  a  formal  tho¬ 
racotomy  (fig.  2l;)li).  The  diaphragm  Avas  found  intact.  The  right  Igaati* 
lobe  of  tlie  right  lung  Avas  lacerated  and  Avas  the  site  of  a  massiA^e  iiematoma 
Avhich  resembled  the  li\'er  in  appearance.  A  foreign  body  free  in  the  posterior 
pleural  cavity  (fig.  214B)  AA^as  remoA^ed,  and  500  cc.  of  blood  clot  and  300  cc. 
of  fluid  blood  Avere  evacuated. 

Altliough  the  lung  Avas  lacerated,  it  Avas  not  bloAving  air,  and  no  attempt 
Avas  made  to  place  sutures  in  tiie  boggy,  engorged  right  loAver  lobe. 

At  this  i)oint,  it  is  typical  of  conditions  under  AAdiich  mucli  Avar  surgery 
Avas  done  in  the  Meditei'ranean  theater  that  a  small  bug  fleAA"  into  the  pleural 
space.  It  Avas  not  seen  again,  but  the  caAnty  Avas  thoroughly  laA’^aged  Avitli 
1,500  cc.  of  physiologic  salt  solution. 

Tlie  muscles  were  closed  in  layers  Avith  interrupted  sutures  of  fine  silk. 
The  posterior  AAOimd  of  entry  Avas  left  open  and  Avas  packed  Avith  fine-mesh 
gauze  down  to  the  muscle  layer.  Closed  intrapleural  drainage  Avas  instituted  in 
the  eighth  intercostal  space  posteriorly.  Penicillin  (500,000  units)  Avas  injected 
into  the  tube,  Avhich  Avas  clamped  off  for  3  hours. 

Bronchoscopy  immediately  after  operation  produced  a  large  amount  of 
blood  and  mucus  from  the  right  main,  bronchus  and  the  right  loAver  lobe 
bronchus. 

The  patient  ran  a  febrile  course  (101''-102°  F.)  for  the  first  5  days,  after 
Avhich  his  temperature  gradually  dropped  to  99°  F.  Intercostal  nerve  block  Avas 
repeated  tAvice,  Avith  relief  of  pain  and  effective  cough.  Eoentgenograms  on 
the  third  postoperative  day  (fig,  214C)  shoAved  a  small  cyst  Avith  a  fluid  leAul, 
the  result  of  liquefaction  of  the  hematoma  in  the  right  loAver  lobe  of  the  lung. 

The  patient  Avas  evacuated  to  a  base  hospital  on  the  eighth  postoperative 
day  and  thence  to  the  Zone  of  Interior. 

Management  in  the  Zone  of  Interior.— When  the  patient  Avas  received  at 
Walter  Peed  General  Hospital  2  months  after  Avoundiiig,  his  only  complaint 
Avas  pain  in  the  right  chest,  Avith  intercostal  neuritis.  lioentgenograms  Avere 
essentially  negatiA  e.  He  Avas  returned  to  duty  in  the  Zone  of  Interior  but 
eAUUtually  Avas  discharged  for  disability. 

Followup.^ — The  patient  iioav  Avorks  as  a  manager  of  a  store,  Avith  no  ap- 
pa  I'ent  d  i  sability . 

Poentgenograms  15  years  and  10  months  after  Avounding  (fig.  2141)  and  E) 
shoAved  clear  lung  fields  and  no  e\’idence  of  the  massive  hematoma  or  the  cyst 
Avith  fluid  level  seen  shortly  after  AA^oimding. 

Comment.- — ^The  problems  in  this  case  Avere  (1)  a  sucking  Avoimd,  (2)  a 
massive  hematoma  of  the  right  lower  lobe  of  the  hing,  (3)  a  foreign  body  in  the 
pleura,  and  (4)  the  Avet  lung  syndrome.  Significant  factors  in  the  history  are 
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Figure  214. — Contiiiuecl.  D.  Posteroanterior  roentgenogram  of  eliost,  2  Feb¬ 
ruary  1061,  15  years  and  10  months  after  wounding,  showing  complete  absorp¬ 
tion  of  massive  hematoma  of  right  lower  pulmonary  lol)e.  There  is  no  evidence 
of  cyst  with  fluid  level  seen  in  April  1045.  The  diaphragmatic  shadows  arc^ 
flattened  laterally.  E.  La,t(u*al  roentgenogram  on  same  date,  showing  flattened 
diaiiliragms  anteriorly  and  fairly  deep  sulci  posteriorly.  Lung  fields  are  clear. 

the  IG-hour  preoperative  preparation,  the  delay  beino-  caused  by  the  v^et  lung 
syndrome;  the  necessity  lor  traumatic  thoracotomy  because  of  the  sucking 
wound,  with,  removal  of  the  readily  accessible  intrapleural  foreign  body;  and 
the  conservative  management  of  the  massive  hematoma  of  the  right  lower  lobe. 
Although  the  hematoma  eventually  liquefied  and  formed  a  pseudocyst,  there 
are  no  apparent  residua  and  the  lung  fields  are  essentially  clear  more  than  15 
years  after  injury. 

In  this  case,  the  performance  of  lobectomy  at  initial  wound  surgery  to 
correct  the  liematoma  might  have  been  more  than  this  dangerously  wounded 
casualty  could  luive  endured.  His  course  since  wounding  indicates  that  the 
surgery  was  not  necessary. 


WET  LUNG 

Since  the  concepts  and  management  of  traumatic  wet  lung  were  developed 
in  the  Mecliterranean  theater  (p.  208),  it  is  important  to  assess  tlie  results  of 
the  incidence  and  management  of  this  complication  of  thoracic  injuries.  It  was 
extremely  troublesome  in  forward  hospitals,  in  which  initial  surgery  was  per¬ 
formed.  It  was  a  major  problem  in  65  of  the  167  cases  in  this  series. 

In  general,  it  was  the  policy  to  treat  these  casualties  intensively  in  forward 
hospitals  (p.  217)  and  not  attempt  to  exacuate  them,  rgeardless  of  the  nature 
of  their  wounds,  until  their  lungs  Avere  comparatively  dry.  As  a  matter  of  fact, 
they  Avithstood  transportation  very  poorly.  It  Avas  therefore  the  policy  to 


retain  them  at  the  primary  installation  to  ^vhicli  they  were  admitted  unless, 
as  sometimes  happened,  the  tactical  situation  required  the  evacuation  of  the 
whole  hospital.  At  the  Battle  of  the  Bulge,  at  Christmas  1944,  the  Seventh 
U.S.  Army  was  serving  as  the  southern  anchor  of  the  front,  and  as  a  precau¬ 
tionary  measure,  all  noncombat  personnel  Avere  evacuated  from  the  frontlines. 
The  clearing  station  Avliich  had  been  supported  by  a  platoon  of  the  CGth  Field 
Hospital  Avas  moved  6  iniles  to  the  rear,  but  the  platoon  itself  could  not  moA'e 
for  another  Aveck  because  it  Avas  holding  nontransportable  casualties  Avho  had 
undergone  thoracotomy  or  thoracolaparotomy  and  Avho  could  not  be  moved 
because  of  serious  Avet  lung  complications. 

When  Avet  lung  Avas  properly  managed  in  foinvard  hospitals,  fcAv  compli¬ 
cations  arising  from  it  Avere  encountered  in  base  hospitals.  When  the  reverse 
Avas  true,  complications  Avere  numerous.  In  this  series,  only  tAvo  patients  shoAved 
a  late  pneumonitis  Avhich  might  haA’e  been  connected  Avith  the  original  Avet  lung 
syndrome.  This  Ioav  incidence  is  in  sharp  contrast  to  the  earlier  experience  :  In 
three  of  the  four  deaths  in  this  series,  already  described  (p.  450),  the  Avet  lung 
syndrome  had  been  a  major  problem  in  the  resuscitative  regimen,  and  in  the 
patient  Avith  a  spinal  cord  injury,  the  problem  Avas  never  completely  solved. 
This  patient,  AAdio  had  multiple  A^'ounds,  Avas,  hoAYever,  the  only  one  hi  the  group 
in  Avhom  the  Avet  lung  factor  Avas  an  important  cause  of  death. 

By  the  time  casualties  reached  the  Zone  of  Interior,  there  Avas  never  any 
clinical  problem  traced  to  the  orginal  Avet  lung  syjidrome  if  it  had  been  properly 
handled  in  the  forAvard  hospital.  Chronic  pneumonitis,  bronchitis,  and  bron¬ 
chiectasis  Avere  seldom  recorded — never  in  this  series — nor  Avas  the  massiA^e 
atelectasis  so  frequent  in  World  War  I  casualties  seen  in  the  thoracic  casualties 
of  World  War  II.  This,  no  doubt,  reflects  the  careful  attention  paid  in  foinvard 
installations  to  the  correction  of  the  Avet  lung. 

The  folloAving  case  report  illustrates  various  aspects  of  this  condition. 

Case  II 

Management  overseas. — A  32-year-old  infantry  major  Avas  Avounded  in 
the  left  chest  by  a  shell  fragment  on  22  January  1944,  AAdiile  he  Avas  crossing 
the  Kapido  River  during  the  assault  on  Cassino.  He  took  the  sulfonamide 
tablets  in  his  OAvn  first  aid  kit,  and  the  corpsman  applied  a  pressure  dressing 
and  gave  him  a  unit  of  plasma.  Thirty  minutes  later,  he  Avas  given  morphine 
gr.  %  in  a  battalion  aid  station,  for  severe  chest  pain. 

Wlien  the  casualty  arrived  at  the  11th  Field  Hospital  in  Alignano  Monte 
Lungo,  Italy,  at  1615  hours,  the  wound  (fig.  215A)  Avas  bleeding  externally 
and  he  had  been  coughing  up  blood.  He  Avas  extremelj^  dys2:)neic  and  Avas  dis¬ 
oriented  and  in  shock,  Avith  a  blood  pressure  of  55/35  mm.  Hg.  The  j^idse, 
which  Avas  difficult  to  count,  Avas  130,  and  the  respirations  40.  Immediate 
resuscitatiA^e  measures  consisted  of  the  administration  of  nasal  oxygen;  the 
administration  of  three  units  of  plasma  and  500  cc.  of  blood;  repacking  of  the 


open  apical  segmental  bronclms  (d).  B.  Tecliniqne  of  bronchial  closure.  Blowing  seg¬ 
mental  bronchus  sutured  \Yitli  fine  sillv  and  reinforced  ^Yitll  pedicle  muscle  graft. 
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FiontE  215— Continued.  C.  Appearance  of  wound  at  end  of  operation:  Gauze 
pack  in  cliest  wall  and  lun,i>-  (a),  l^eiirose  slieatli  drain  in  ri.ulit  axilla  (b),  closed 
pleural  drainage  (c),  and  closure  of  nuiscles  to  superlicial  fascia  (d). 


Avound,  wliicli  was  oozing  and  sucking,  witli  petrolatnni-inipregnated  gauze, 
repeated  broiicliial  suction,  Avitli  asxdration  of  blood  and  mucus,  as  bultbly  rales 
continued  present  over  botlt  lungs :  and  the  very  slow  administration  of  another 
500  cc.  of  blood. 

Eoentgenograms  (fig.  21GA)  shoAved  a  large  foreign  body  (4  by  2  cm.) 
in  the  right  pleura  and  axilla  and  haziness  of  both  lung  fields,  more  marked 
on  the  right.  There  Avas  no  mediastinal  shift. 

Traumatic  thoracotomy  Avas  performed  10  hours  after  resuscitation  had 
been  begun.  The  Avound  Avas  debrided  across  the  sternum,  after  Avliich  the 
shattered  second  and  third  costal  cartilages  AA^ere  resected,  Avith  x^ortions  of  the 
second  and  third  ribs  on  the  right  (fig.  21511).  The  Avound  Avas  thoroughly 
debrided,  and  the  foreign  body  in  the  pleura  and  right  axilla  Avas  reniotvd. 
The  lung  Avas  partly  adherent  near  the  apex  and  badly  torn  beloAv.  Lobectomy 
Avould  have  been  necessary  to  close  it  completely.  The  fistula  in  the  apical 
segmental  bronchus  Avas  closed  Avith  silk,  and  the  closure  Avas  reinforced  Avith 
a  graft  of  x^ectoralis  minor. 

The  AVound  in  the  lung,  pleura,  and  chest  Avail  Avas  p^ieked  tightly  Avith 
fine-mesh  gauze  (fig.  215C)  over  an  area  4  by  6  centimeters.  The  remainder 
of  the  AA^ound  and  the  muscles  Avere  pulled  together  Avitli  interrupted  sutures 
but  left  ox>en  from  the  fascial  layer  outward. 
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Figure  210  (case  11) —Serial  roeiitgiaiograms  of  sucking  wound  of  chest  with  wet 
lung  syinlrome.  A.  Postcroaiiterior  roentgenogram,  22  laiiuary  1944,  ininiediatcly  after 
wounding,  showing  large  foreign  body  in  right  axilla  and  pleura,  with  diffuse  haziness  of 
both  lungs,  more  marked  on  right.  IL  Posteroanterior  roentgenogram  first  postoperative 
day,  showing  severe  bilateral  pulmonary  edema.  Note  gauze  pack  in  right  mid  lung  field. 
0.  Posleroanterior  roentgenogram,  7  February  1944,  showing  clearing  of  lungs.  Dotted 
line  outlines  site  and  extent  of  gauze  pack ;  1-cm.  right  lateral  pleural  shadow  indicates 
loculated  iileural  fluid.  D.  Posteroanterior  roentgenogram,  3  May  1960,  16  years  after 
wounding,  showing  essentially  clear  lung  fields.  Note  anterior  stumps  of  second  and  third 
right  ribs. 
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A  Penrose  drain  was  left  in  the  left  axilla,  and  closed  pleural  drainage 
was  instituted.  Bronchoscopy  immediately  after  operation  produced  a  large 
amount  of  bloody  mucus,  chiefly  from  the  right  iipj^ei*  lobe. 

The  iiostoperative  course  was  extremely  stormy  because  of  pulmonary 
edema,  Eoentgenograms  made  tlie  day  after  operation  (fig.  216B)  shoAved 
massiA^e  edema  of  both  hnigs,  AAnth  the  pack  in  the  right  anterior  chest  Avail 
and  the  lung.  Treatment  consisted  of  nasal  oxygen,  supplemented  by  brief 
periods  of  positive  pressure  oxygen,  administered  Avith  each  voluntary  inspira¬ 
tion  by  means  of  an  anesthetic  machine  and  manual  ])ressure  on  the  bag 
(fig.  50,  p.  162)  ;  intercostal  nerve  block;  and  repeated  bronchial  suction.  Be¬ 
cause  of  some  bloAving  from  the  Avound,  Avhich  did  not  end  until  a  Aveek  after 
operation,  it  Avas  necessary  to  repack  portions  of  the  chest  Avail.  Thoracentesis 
Avas  done  tAvice  after  closed  drainage  Avas  terminated;  about  1,000  cc.  of  bloody 
fluid  Avas  aspirated  each  time. 

Ahien  the  patient  Avas  evacuated  on  the  14th  postoperatiA^e  day,  the  caAuty 
in  the  lung  had  decreased  to  about  the  size  of  an  egg  and  Avas  granulatina’  AA^ell. 
and  the  right  had  expanded  (fig.  216C). 

At  the  66th  Evacuation  Hospital,  Avhicli  Avas  then  operating  as  a  forAvard 
thoracic  surgery  center,  Maj.  Thomas  II.  Burford,  MC,  performed  a  fat  graft 
of  the  pulmonary  caA'ity  Avith  delayed  primary  closure  of  the  large  anterior 
Avound. 

Followup.— This  patient  rerpfired  no  active  treatment  in  tlie  Zone  of  In¬ 
terior,  AAdiere  he  Avas  eA^entually  giA^en  a  disability  discharge.  Since  that  time, 
he  has  been  Avorking  as  a  rural  mail  carrier  and  lias  been  folloAved  by  a  priAute 
physician.  Roentgenograms  made  on  6  May  1960  (fig.  216D)  shoAved  the 
resected  ends  of  the  second  and  third  ribs  on  the  right.  Vascular  markings 
in  the  lung  fields  Avere  prominent,  but  the  fields  Avere  essentiallv  clear. 

Comment. — This  patient  had  a  A^ery  large  sucking  Avound,  complicated  bv 
a  Avet  lung  syndrome  of  such  severity  that  he  Avas  delirious  from  hypoxia  for 
the  first  4  days  after  Avounding.  The  lacerated  U2:)per  lobe  of  the  riofit  lung 
Avas  not  sacrificed;  a  muscle  graft  closed  the  major  bronchial  fistula,  and  pack¬ 
ing  of  the  lung  and  the  chest  Avail  Avas  a  successful  complementary  procedure. 
Right  upper  lobe  lobectomy  Avould  never  liaA^e  been  feasible  in  this  patient 
until  he  reached  the  base  hospital,  and  there,  a  skillfully  performed  fat  graft 
and  delayed  primary  Avound  closure  made  further  surgery  unnecessarv.  The 
Avet  lung  syndrome  and  massive  bilateral  pulmonary  edema  made  his  early  care 
extremely  difficult. 


HEMOTHORAX 

Hemothorax  is  the  most  common  complication  of  thoracic  Avounds,  Avhich 
might  be  expected,  since  in  every  penetrating  AA^ound  of  the  chest  in  Avhich  the 
pleural  space  is  iiiAmlved  there  is  some  degree  of  extravasation  of  blood  into 
the  cav  ity.  A  small  amount  of  blood  is  of  little  clinical  significance  if  infection 
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does  not  occur;  it  is  'vvell  tolerated  by  the  pleura,  and  absorption  is  the  rule. 
If  larger  amounts  are  present,  preoperative  aspiration  is  necessary  to  expand 
the  lung  and  increase  the  vital  capacity,  as  well  as  to  supply  an  accurate  index 
of  the  amount  of  liemorrhage  which  has  occurred  into  the  pleural  space.  After 
operation,  tlie  cavity  must  be  kept  empty  by  the  use  of  intercostal  closed 
drainage  and  repeated  thoracenteses. 

In  World  War  II,  when  these  principles  were  employed,  the  goal  was  to 
evacuate  the  casualty  to  the  base  section  Avith  the  pleural  cavity  completely 
dry.  This  Avas  not  ahvays  possible.  In  spite  of  diligent  aspiration  of  blood 
from  the  chest,  a  lung  Avliich  has  been  traumatized  and  collapsed  temporarily 
loses  its  elastic  recoil  and  its  ability  to  expand.  During  the  period  in  AAdiich  it  is 
regaining  its  elasticity,  a  pleural  etlusion  develops  and  there  is  a  deposit  of 
filmin  that  forms  a  pleural  membrane.  This  membrane  is  often  quite  inelastic, 
and  in  some  cases,  the  process  includes  masswe  clotting,  Avliich  can  be  handled 
only  by  decortication. 

In  this  series  of  167  chest  Avounds,  bleeding  into  the  X)leural  cavity  Avas 
sufficiently  persistent  and  of  sufficient  magnitude,  in  91  instances,  to  create  a 
considerable  clinical  problem.  In  77  of  these  patients,  repeated  thoracenteses 
before  operation,  repeated  after  operation  and  supplemented  by  closed  inter- 
(‘ostal  drainage,  Avere  successful  in  expanding  the  lung.  Only  14  of  the  casual¬ 
ties  Avere  evacuated  to  the  rear  Avith  persistent  or  clotted  hemothorax  and  pul¬ 
monary  collapse.  These  figures  Avould  seem  to  support  the  policy  of  repeated, 
prompt  aspiration  of  the  pleural  cavity  in  hemothoraces. 

At  the  base,  decortication  Avas  carried  out  in  nine  cases,  seven  times  for 
organizing  hemothorax  and  twice  for  hemotlioracic  empyema.  The  other  seven 
casualties  Avho  developed  empyema  Avere  treated  by  drainage.  This  means  that 
decortication  Avas  necessary  in  only  10  percent  of  the  patients  in  this  series  Avith 
seA'ere  hemothorax  and  in  only  about  5.3  percent  of  the  total  series.  Xo  patient 
Avho  underwent  decortication  on  any  indication  Avas  returned  to  duty  overseas. 

In  the  Zone  of  Interior,  2  of  the  91  patients  Avith  x)ersistent  hemothorax 
deAxloped  late  empyemas  Avhich  had  to  be  drained.  No  additional  decortica¬ 
tions  Avere  necessary.  There  Avere  no  deaths  in  this  group  of  patients  and  no 
major  disabilities  due  either  to  chronic  empyema  or  to  major  collapse  of  a 
so-called  captive  lung.  Xo  patient  had  a  chronic  draining  sinus  of  the  chest 

AA^all. 

These  results  are  in  sharp  contrast  to  the  results  in  World  War  I,  after 
Avliich  the  thoracic  Avards  in  Veterans’  Administration  hospitals  Avere  full  of 
patients  Avitli  collapsed  lungs,  chronic  empyemas,  and  persistent  sinuses  of  the 
chest  Avail  folloAving  hemothorax  and  hemotlioracic  empyema.  The  excellent 
results  in  the  World  War  II  patients,  of  AAdiich  the  results  in  this  series  are 
typical,  Avere  attributable  not  only  to  adherence  to  the  principles  established 
for  forAvard  surgery  but  also  to  the  proper  timing  and  staging  of  surgery  in 
base  hospitals  before  the  casualties  Avere  transferred  to  the  Zone  of  Interior. 


Management  overseas.^ — This  23-year-old  infantry  sergeant  received  a 
she  11- fragment  wound  of  tlie  posterior  left  chest  at  1400  hours  on  21  September 
1944,  at  Eeinireinont,  France.  lie  also  received  a  wound  of  the  scalp.  Imme¬ 
diate  treatment  consisted  of  a  pressure  dressing^  on  which  sulfanilamide  powder 
had  been  sprinkled,  and  the  subcutaneous  administration  of  morphine  gr.  %• 
A  unit  of  plasma  Avas  given  later  at  a  clearing  station. 

When  the  patient  was  admitted  to  the  11th  Field  Hospital  at  Plombikes 
at  ITIO  hours,  he  was  couiatose  and  in  shock,  with  Avet  respirations  and  pinpoint 
pupils.  The  blood  pressure  Avas  90/40  mm.  Ilg,  the  pulse  A^ery  rapid  and  dif¬ 
ficult  to  count,  and  the  respiratioiis  14.  Although  the  record  did  not  indicate 
it,  further  impiiry  pi’oduced  the  information  that  another  half  grain  of  morphine 
had  been  administered  at  the  battalion  aid  station. 

Hie  patient  Avas  obviously  in  morphine  poisoning.  Shortly  after  he  Avas 
admitted  to  the  hos})ital,  the  blood  pressure  began  to  drop  further,  and  he  Avas 
given  a  unit  of  plasma  and  500  cc.  of  blood.  An  intratracheal  catheter  Avas 
introduced,  and  repeated  as[)irations  ANcre  carried  out;  oxygen  Avas  adminis¬ 
tered  through  the  catheter  between  the  aspirations.  When  the  respirations 
fell  to  12,  three  ampules  of  (loramine  (nikethamide)  AAure  administered  intra- 
Annously.  When  the  sucking  Avound  of  the  left  chest  (fig.  21 TA)  Avas  in¬ 
spected,  a  small  amount  of  blood  drained  from  it. 

At  1900  hours,  the  patient  coughed  out  the  catheter,  after  Avhich  he  coughed 
up  bloody  mucus  voluntarily.  Oxygen  Avas  administered  l>y  nasal  catheter. 
When  thoracentesis  of  the  left  chest  Avas  done  posteriorly,  only  5  cc.  of  blood 
and  20  cc.  of  air  Avere  aspirated;  there  Avas  no  eA’idence  of  tension  pneumothorax. 
Penicillin  Avas  given  intramuscularly. 

In  spite  of  the  acti\'e  therapy  carried  out,  the  lungs  remained  Avet.  Over 
the  next  LS  hours,  hoAvever,  there  Avas  gradual  improAement,  in  spite  of  evi¬ 
dence,  ])y  the  results  of  thoracentesis,  of  continued  hemorrhage  into  the  left 
chest.  Over  this  period,  treatment  consisted  of  tAvo  additional  blood  trans¬ 
fusions,  intercostal  nein’e  block,  and  the  administration  of  oxygen  by  positive 
pressure. 

At  1400  hours  on  22  Septeml)er  1943,  the  patient  Avas  considered  sufficiently 
prepared  to  Avithstand  surgery,  Avhich  Avas  performed  under  endotracheal 
anesthesia,  in  the  right  posterolateral  position.  The  AA'ound  of  the  scalp  was 
debrided,  together  Avith  the  extensiA  e  Avound  of  the  left  chest  and  the  back. 
The  large  Avound  o\'er  the  left  scapula  (fig.  21TB)  aaus  found  to  connect  Avith 
the  right  shottlder.  On  the  left  side,  there  Avere  extensitn  lacerations  of  the 
trapezius,  latissimus  dorsi,  subscapularis,  and  rhomboid  muscles.  A  large 
part  of  the  central  portion  of  the  left  scapula  Avas  destroyed.  The  iiiA^olved 
area  Avas  debrided,  Avhich  left  a  portion  of  the  tip  in  situ,  together  Avith  the 
intact  upper  portion. 
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Fiauj{E  217  (case  12). — Sclieiiiaiic  drawings  of  cliest  wound  with  massive  chest  wall 
and  intrapleural  trauma.  A.  Posterior  aspect  of  chest  showing:  AVouiid  of  entrance  in 
right  shoulder  (a),  large  sucking  wound  with  destruction  of  inferior  portion  of  scapula 
and  lifth  rib  (h),  portion  of  wound  bridged  by  skin  (c),  and  second  wound  in  left  shoulder, 
with  two  small  foreign  bodies  (d). 

The  pleural  cavity  was  opened  by  resection  of  the  comminuted  fifth  rib. 
Intrapleural  bleeding  was  occurring  from  the  fifth  intercostal  artery  (fig. 
21TB),  Avhich  was  secured  at  once;  oOO  cc.  of  blood  was  aspirated  from  the 
pleural  (*a\  ity.  A  huge  hematoma  occupied  the  left  upper  pulmonary  lobe. 
The  bone  fragments  in  the  lung  Avere  removed,  and  a  small  laceration  tvas 
closed,  but  no  pulmonary  tissue  Avas  resected. 

Closed  catheter  drainage  Avas  instituted  posterolaterally  in  the  left  eighth 
intercostal  space.  The  Avonnd  and  the  pleural  cavity  Avere  lavaged  Avith  physio¬ 
logic  salt  solution.  The  pleura  Avas  closed  by  suturing  the  subscapularis  and 
posterior  serratus,  and  then  closing  the  trapezius  and  latissimus  dorsi  over  this 
suture  line,  as  a  reinforcing  layer  (fig.  21TC).  The  trapezius  on  the  right 
Avas  debrided  and  closed.  The  Avhole  Avound  Avas  left  open  doAvn  to  the  muscle 
layers. 

Bronchoscopy  Avas  performed  at  the  conclusion  of  the  operation.  A  small 
amount  of  bloody  mucus  Avas  aspirated  from  the  trachea,  and  larger  amounts 
from  both  main  bronchi. 


Figure  217. — Coiitiiiuod.  B.  Findings  at  thoracotomy  :  Massive  heinopneuiuot borax, 
with  hemorrhage  from  tiftli  intercostal  vessels  (a),  rih  fragments  in  hd't  lung  (b),  lacm-a- 
tion  of  left  lower  lobe  of  lung  (c),  hematoma  formation  (d).  wet  lung  diagramed  on  right 
side  (e),  and  superficial  wound  of  left  shoulder  (f). 

The  patient  Avas  ^-iveii  550  cc.  of  blood  diirino-  the  operation.  Immediately 
after  it  Avas  concluded,  his  pulse  Avas  irregular,  but  thereafter  the  major 
postoperative  problem  Avas  keeping  the  tracheobronchial  tree  clear. 

Eoentgenograms  before  operation  (fig.  218 A)  had  shoAved  massive  left 
hemothorax  and  liaziness  of  the  right  lung.  There  Avas  some  improA^ement  in 
expansion  of  the  left  lung  after  thoracentesis  (fig.  218E).  On  the  ninth  post¬ 
operative  day,  the  left  lung  had  almost  completely  expanded,  and  both  lungs 
Avere  dry. 

After  operation,  there  Avas  considerable  drainage  (about  500  cc.  daily) 
for  the  first  2  days;  the  loss  of  blood  Avas  covered  by  transfusions. 

Delayed  primary  closure  of  all  Avounds  Avas  carried  out  at  the  4Gth  General 
Hospital  in  the  base. 

Management  in  the  Zone  of  Interior.— When  the  patient  a\  as  evacuated 
to  the  United  States  on  18  October  1944,  the  lung  had  completely  expanded, 
and  the  hematoma  had  completely  resolved.  He  Avas  given  a  disability  dis¬ 
charge  on  8  May  1945,  at  Madigan  General  Hospital,  Tacoma,  Wash.,  limitation 
of  motion  of  the  scapula  being  the  main  problem. 
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Figure  217. — Continued.  C.  Diagram  depicting  types  of  muscle  closure :  Right  tra¬ 
pezius  closure  demonstrating  simple  interrupted  sutures  (a),  left  trapezius  closure  dem¬ 
onstrating  mattress  type  sutures  (b),  left  latissimus  dorsi  (erector  spinae  group  not 
closed)  (c),  infraspinatus,  skin  and  superficial  fascia  left  open,  wound  packed  down  to 
muscle  layer  (d),  closure  of  superficial  left  shoulder  wound  (e),  and  closed  intrapleural 
drainage  tube  (f). 


Followup. — A  personal  communication  from  this  j^atient  on  6  December 
19()0  stated  that  he  liad  been  employed  as  a  truck  dri^^er  for  the  past  14  years. 
I-Ie  complained  of  soreness  and  stiffness  around  the  left  scapula,  of  lack  of 
much  grip  in  the  left  hand  for  heavy  lifting,  and  of  inability  to  do  work  in- 
^nlving  raising  the  hand  to  the  level  of  the  shoulder.  Although  the  chief 
complaint  was  referable  to  the  shoulder,  the  patient  stated  that  when  he  jumped 
from  a  truck  platform,  a  distance  of  2  or  3  feet,  he  sometimes  spat  up  blood 
the  following  day.  He  had  trouble  sleeping  on  the  left  side,  because  of  pain 
in  the  left  shoulder,  but  he  had  no  difficulty  in  breathing,  and  the  occasional 
liemopt^'Sis,  the  cause  of  which  is  not  known,  was  so  slight  that  he  had  never 
bothered  to  seek  medical  attention  for  it. 

Comment. — This  patient  had  an  extensive  sucking  wound  of  the  chest 
wall,  Avith  continued  hemorrhage  into  the  left  pleural  caAuty.  The  original 
trauma  Avas  complicated  by  the  Avet  lung  syndrome,  Avith  bilateral  pulmonary 
edema,  and  Avas  further  complicated  by  morphine  poisoning.  Eesuscitation 


Figure  218  (case  12). — Serial  roeiitgeiiograiiis  in  tlioracic  wound  coniplicated  by 
massive  lieinotborax.  A.  rosteroanterior  roent,s*enogranE  21  Septeinl)er  1048,  immediately 
after  wounding’,  showing  massive  left  hemothorax,,  with  slight  shift  of  mediastinum,  and 
haziness  of  right  lung,  due  to  wet  lung  syndrome.  A  defect  in  left  scapula  is  faintly  seen. 
B.  Posteroanterior  roentgenogram,  showing  some  improvement  in  expansion  of  left  lung 
after  asi)iration  of  blood  in  left  pltairal  cavity.  Appearance  of  right  lung  is  not  materially 
altered.  4v()  small  foreign  bodies  are  now  visible  in  left  shoulder.  O.  I’osteroanterior 
roentgenogram,  28  Xoveiiiber  11)()0.  17  y{‘ars  after  wounding,  showing  clear  lung  fields, 
(except  for  prominent  bronchovascular  markings.  Note  bridging  of  fourth,  fifth,  and  sixth 
ribs.  Heart  and  mediastinum  are  normal,  and  diaphragmatic  angle  is  clear.  1).  Lateral 
nxmtgeiiograin.  28  Xoveml>er  lllOO.  showing  sharp  costophrenic  angles.  These  findings  are 
approximately  normal  and  d(>  not  explain  occasional  hemoptyses  reported  by  this  patient. 


THORACIC  SURGERY 


FOLI.OWn*  STUDIES  OF  THORACIC  WOUNDS 


513 

covered  21  hours,  but  the  time  occupied  in  stabilizing  liiin  vas  well  spent,  for 
he  tolerated  corrective  surgery  well.  It  is  gratifying  tliat  for  the  past  14  years 
he  has  been  able  to  work  as  a  truck  driver,  and  that  Ids  residual  disability  is 
only  minor.  This  is  the  only  patient  in  the  163  sur\dvors  followed  up  who  gave 
a  history  of  occasional  blood-streaked  sputum.  Eoentgenograms  (fig.  218  C  and 
D)  offer  ]io  explanation. 

RETAINED  FOREIGN  BODIES 

Retained  foreign  bodies  were  observed  in  102  of  these  167  cases.  In  35 
instances,  they  were  in  the  chest  wall,  in  21  in  the  pleura,  in  36  in  the  lung, 
and  in  10  in  the  mediastinum. 

Tliese  objects  always  presented  a  difficult  problem  in  forward  hospitals, 
for  the  decision  as  to  their  remo\  al  was  frequently  delicate.  Those  in  the 
chest  wall  were  most  often  removed  during  debridement  at  the  field  hosy>ital. 
They  were  usually  accessible  without  a  prolonged  search,  and  if  they  were  not 
in  the  original  wound  of  entry,  they  could  be  remo\  ed  by  a  simple  counter¬ 
incision. 

Foreign  bodies  in  the  lung  and  the  pleura  were  not  removed  as  part  of 
traumatic  thoracotomy  at  field  hospitals  unless  they  were  readily  accessible  or 
Avere  believed  to  lie  so  close  to  A'ital  thoracic  organs  as  to  constitute  a  potential 
danger  to  them. 

Only  13  operations  were  done  for  the  removal  of  foreign  bodies  in  base 
section  hospitals,  in  only  1  instance  because  of  pulmonary  hemorrhage.  One 
patient,  after  an  uneventful  immediate  postoperative  course,  died  2  months 
later  of  hepatitis  and  jaundice.  He  had  multiple  wounds  of  the  head  and  trunk, 
and  the  sucking  Avound  of  the  chest  Avas  complicated  by  the  Avet  lung  syndrome. 
In  this  case,  a  foreign  body  in  the  pericardium  Avas  remoAxd  Avhen  the  sucking 
AAmund  Avas  closed.  The  pulmonary  object  Avas  not  accessible,  and  its  removal 
AA  ould  liaA^e  meant  an  additional  incision  and  undue  prolongation  of  the  opera¬ 
tion.  It  is  possible,  though  highly  unlikely,  that  the  retained  object  Avas  a 
factor  in  tlie  fatal  outcome. 

Only  tAvo  foreign  bodies  Avere  removed  in  this  series  in  Zone  of  Interior 
hospitals.  One  Avas  removed  because  of  a  delayed  air  leak,  and  the  other  Avas 
remoA'ed  during  closure  of  a  colostomy.  Of  the  41  patients  Avith  retained 
metallic  foreign  bodies  AAdio  Avere  evacuated  to  the  Zone  of  Interior,  only  the 
patient  just  mentioned,  Avith  the  delayed  air  leak,  developed  symptoms  that 
required  its  remoAail. 

Case  13 

Management  overseas.- — This  29-year-old  artilleryman  Avas  Avounded  in 
the  left  shoulder  by  a  high  explosive  shell  fragment  at  1146  hours  on  29  Novem¬ 
ber  1943  near  Ardo,  Italy.  The  Avound  Avas  dressed  Avith  sulfonamide  poAvder  at 
a  battalion  aid  station,  Avhere  the  patient  Avas  also  given  morphine  (gr.  i/^)  and 
sulfadiazine  (15  gr.)  by  mouth. 

T40-f)41'- — Oo - 
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Figuke  219. — 00111111110(1.  C.  Diaiaraiii  of  left  lung'  at  conclusion 
of  operation  following  removal  of  shell  fragment.  Repair  of 
laceraiion  of  left  lower  lobe  with  two  layers  of  interrupted  su¬ 
tures  of  tine  silk  (a),  hematoma  of  upper  portion  of  left  upper 
lobe,  which  was  not  disturbed  (b),  and  water-seal  intrapleural 
drainage  tube  (c) . 


When  lie  Avas  admitted  to  the  94tli.  EA^acnatioii  Hospital  at  LePezze  at  1410 
hours,  examination  ret^ealed  a  2-cm.  penetrating  wmund  of  the  left  deltoid 
region  (fig.  219A)  but  no  other  thoracic  injuries.  He  complained  of  consider¬ 
able  chest  j)hin  and  AA^as  dyspneic,  orthopneic,  and  coughing  up  blood.  Ihe 
blood  pressure  AAats  128/60  mm.  I-Ig,  the  xnilse  128,  and  the  resx:)irations  38. 
Ilreath  sounds  Avere  absent  oA^er  the  left  chest,  and  the  heart  Avas  shifted  slightly 
to  the  right.  The  right  lung  aauis  clear.  Eoentgenograms  (lig.  220A)  shoAved 
a  left  hydropneumothorax,  AAuth  a  foreign  body  in  the  left  cardiac  shadoAv, 
fractures  of  the  sixth,  seA'Cnth,  and  eighth  ribs,  and  haziness  of  the  right  lung. 
There  AA^as  also  a  fracture  of  the  left  humerus. 
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Figure  220  (case  Ri)- — Serial  roentgeiiograins  in  wound  with  intrapnl- 
nionary  foreign  body.  A.  Posterolateral  roeiitgenograin,  29  November  1948, 
immediately  after  wounding,  showing  foreign  body  in  left  cardiac  shadow ; 
extensive  collapse  of  left  lung;  fractures  of  sixth,  seventh,  and  eighth  ribs 
on  left ;  fracture  of  left  humerus  ;  and  haziness  of  right  lung.  B.  Postero¬ 
lateral  rotuitgenogram,  7  December  1948,  showing  expanding  left  lung  and 
resection  of  segments  of  sixth,  seventh,  and  eighth  ribs.  Right  lung  and 
cardiac  sliadows  are  normal.  C.  Posteroanterior  roentgenogram,  2  December 
1900,  17  years  after  wounding,  showing  healed  fractures  of  sixth,  seventh, 
and  eighth  ribs  on  left;  tenting  of  left  diaphragm  and  blunting  of  left 
costophrenic  angle.  Note  prominent  bronchovascular  markings.  1).  Lateral 
roentgenogram  on  same  date,  showing  left  pleural  shadow  anteriorly  and 
deep  posterior  costophrenic  angle.  Note  clear  lung  field. 
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After  thoracentesis,  Avliicli  yielded  800  cc.  of  air  and  800  cc.  of  blood,  a 
transfusion  of  500  cc.  ^\£lS  given.  A  second  thoracentesis,  performed  because  of 
signs  indicating  a  reaccumulation  of  fluid  and  air  in  the  left  pleural  space, 
yielded  500  cc.  of  blood. 

Thoracotomy  Avas  carried  out  through  an  electiA’e  incision  7  hours  after 
admission,  through  a  left  posterolateral  incision  OA^er  the  seATiith  rib,  because 
of  the  continued  reaccumidation  of  air  and  blood  in  the  left  hemithorax  and 
also  because  the  foreign  body  aa^is  in  the  region  of  the  cardiac  shadoAA\  Frag¬ 
ments  of  the  sixth,  seveiith,  and  eighth  ribs  Avere  resected,  and  the  pleural 
caAnty  aa^is  opened  through  the  bed  of  the  eighth  rib.  The  sixth  intercostal 
muscles  Avere  bleeding  and  AATre  ligated,  and  fragments  of  ribs  AATre  removed 
from  the  lung.  A  huge  hematoma  (fig.  219B)  occupied  the  upper  portion  of 
the  left  loAver  lobe.  The  laceration  in  the  lung  extended  doAvn  to  the  dia¬ 
phragm,  AA’liere  the  foreign  body  Avas  felt  in  the  pulmonaiy  substance  next  to 
the  pericardium,  AAFich  Avas  not  iinmlved.  The  foreign  body  Avas  remoA^ed 
(fig.  219C)  and  the  lung  Avas  repaired  AA'ith  tAvo  layers  of  mattress  sutures  of 
fine  silk.  The  hematoma  Avas  not  disturbed.  The  chest  Avail  Avas  closed  in 
layers  from  the  pleura  to  the  slvin,  and  closed  intrapleural  catheter  drainage 
Avas  bistituted. 

The  Avound  in  the  deltoid  Avas  debrided,  and  a  small  sequestrum  of  the  left 
humerus  Avas  excised.  The  Avound  AA'as  packed  open  Avith  fine-mesh  gauze. 

At  the  conclusion  of  the  operation,  bronchoscopy  Avas  performed  and  a 
large  amount  of  bloody  mucus  Avas  obtained  from  both  bronchial  trees. 

The  postoperatiA'e  course  Avas  uneventful.  Itoentgenograms  8  days  after 
Avounding  (fig.  220B)  shoAved  satisfactory  expansion  of  the  left  lung.  The 
patient  Avas  eATacuated  to  the  base  on  the  13th  postoperati\^e  day.  The  shoulder 
Avound  healed  by  second  intention. 

Management  in  the  Zone  of  Interior. — The  only  active  therapy  Avhich 
the  patient  required  in  the  Zone  of  Interior  Avas  physiotherax:)y  to  the  left  arm. 
I-Te  received  a  disability  discharge. 

Followup. — The  patient  has  Avorked  as  a  salesman  since  his  discharge  from 
the  Arm}'  and  has  no  complaints  referable  to  tlie  chest  Avound. 

Roentgenograms  (fig.  220C  and  D)  made  in  December  1960,  IT  years  after 
wounding,  shoAved  no  abnormality  except  for  some  obliteration  of  the  costo- 
phrenic  angle  and  the  thickening  of  tlic  axillary  pleura. 

Comment. — In  this  case,  a  Avound  of  the  shoulder  Avas  associated  Avith  ex¬ 
tensive  damage  to  the  chest  Avail  and  the  left  lung.  Thoracotomy  through  an 
electiA'c  incision  Avas  performed  on  the  indication  of  continued  bleeding,  leak¬ 
age  of  air  into  the  left  pleural  caAnty,  and  the  possibility  of  cardiac  damage 
from  a  retained  foreign  body.  At  operation,  the  intercostal  vessels  Avere 
found  to  be  the  source  of  the  intrapleural  hemorrhage.  The  iiitrapulmonary 
foreign  body  Avas  remoAed  at  operation,  but  the  large  hematoma  Avas  not 
disturbed,  and  satisfactory  healing  of  the  lung  folloAved. 
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FiGUiiE  221  (case  14). — Schematic  showing-  of  chest  wound  with  retained  foreign  bodies 
(rib  fragments)  in  lung.  A.  Wound:  Wound  of  entrance  in  left  lateral  chest  wall  (a), 
fracture  of  left  scapula  (b),  fracture  of  spine  of  fourth  dorsal  vertebra  (c),  and  wound  of 
exit  (d). 


Case  14 

Management  overseas.—A  20-year-oIcl  infantryman  received  a  bullet 
wound  of  tlie  left  chest  at  0800  hours  on  12  January  1943.  A  sulfonamide- 
powdered  dressing  was  applied  to  the  wound  at  a  battalion  aid  station  at  0830 
hours,  and  he  was  given  a  half  grain  of  morphine  and  a  unit  of  plasma.  Two 
additional  units  of  plasma  were  given  at  a  collecting  station  because  of 
persisting  shock. 

When  lie  was  admitted  to  the  94th  Evacuation  Hospital  at  1130  hours,  he 
was  orthoiDueic  and  somewhat  comatose  and  was  coughing  up  blood.  Pie  com- 
Iflained  of  severe  pain  in  the  left  chest,  neck,  and  abdomen.  The  blood  pres¬ 
sure  was  102/70  mm.  Hg,  the  pulse  142,  and  the  respirations  42.  There  was 
considerable  external  bleeding.  There  was  a  3-cm.  suclving  wound  in  the  left 
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FiciuiJi]  221. — Coiitnmed.  B.  Findings  at  ilioracotoiny :  Laceration  of  lung  (a)  and 
fragiiients  of  fractured  rib  in  liematoina  occupying  apex  of  left  lower  lobe  (b). 


lateral  cliest  wall  (fig.  221A)  and  a  4-  by  r)-cm.  wound  at  the  base  of  the  neck 
posteriorly  on  the  right.  The  sucking  Avound  was  iinmediately  packed. 

Further  examination  reA^ealed  much  crepitus  oa  er  the  posterior  chest  AA’all, 
absent  breath  sounds  on  the  left,  and  dullness  and  signs  of  fluid  in  the  loAver 
half  of  the  left  chest  (fig.  222A).  The  right  lung  Avas  fairly  clear  except  for 
occasional  rales. 

Oxygen  Avas  administered  and  bronchial  catheter  suction  begun.  Aspira¬ 
tion  of  the  left  chest  produced  500  cc.  of  air  and  800  cc.  of  blood.  A  sIoaa" 
transfusion  of  1,000  cc.  of  blood  Avas  giA^en. 

At  2020  hours,  about  9  hours  after  the  patient’s  admission,  his  blood  pres¬ 
sure  Avas  stable,  the  pulse  had  dropped  to  110  and  the  respirations  to  28.  He 
AA’as  considered  fit  for  surgery. 

The  Avound  of  entrance  Avas  debrided  along  the  left  lateral  chest  Avail,  and 
the  incision  Avas  extended  upAvard  across  the  chest  to  the  base  of  the  neck  on 
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Figure  221. — Coiitiiiuccl.  C.  Appearance  of  woiiiul  at  conclusion  of  opera  tion :  Wound 
of  entrance  (a)  and  ^Y0und  of  exit  (b).  Wound  Las  been  left  open  down  to  deep  muscle 
layer  and  packed  with  fiue-mesli  gauze  (c).  Closed  pleural  drainage  tube  is  in  situ  (d). 


tlie  Tlie  iniiscles  were  debrided.  The  spinous  process  of  the  fourth 

dorsal  vertebra,  whicli  was  fractured,  was  excised,  as  was  the  extensit  ety  frac¬ 
tured  lower  third  of  tlie  left  scapula.  Fragineuts  of  the  fractured  fifth  rib 
were  also  excised.  The  pleura  was  then  opened  through  the  bed  and  interspace 
of  (he  fifth  rib,  and  three  bony  fragments  were  removed  from  the  apex  of  the 
left  lower  lobe,  wliich  was  occupied  by  a  large  hematoma  (tig.  221  Jl).  The 
lung  was  slightly  delmided,  and  all  air  leaks  were  closed  with  interrupted 
sutures  of  fine  catgut.  The  pleural  cavity  was  hnaged  with  1,500  cc.  of 
lihysiologic  saline,  after  whicli  a  catheter  was  placed  in  the  eighth  intercostal 
space  and  coiinected  with  a  closed  sj^stem,  Tlie  deep  muscle  layers  were  ap¬ 
proximated  with  interrupted  sutures  of  fine  cotton.  The  remainder  of  the 
wound  was  left  open  and  was  packed  with  fine-mesh  gauze  (fig.  221C). 
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Figure  222  (case  14). — Serial  roeiitgenograins  of  thoracic  wound  with 
retained  foreign  bodies  (rib  fragnieiits)  in  lung.  A.  Posteroaiiterior  roent- 
genograin  of  chest,  1  January  1943,  immediately  after  wounding,  showing 
diffuse  haziness  and  fluid  in  left  chest ;  shift  of  heart  to  right ;  and  fractures 
of  fifth  and  sixth  ribs  and  left  scapula.  P>.  Posteroaiiterior  roentgenogram 
of  chest,  12  January  1943,  after  resection  of  portion  of  fifth  rib  and  scapula 
on  left.  Note  hematoma  still  evident  in  lower  lobe  of  expanded  left  lung. 
C.  Posteroanterior  roentgenogram,  18  November  1900,  more  than  17  years 
after  wounding,  showing  partial  absence  of  fifth  and  sixth  ribs ;  slight 
blunting  of  left  costophrenic  angle  ;  and  increased  bronchovascular  markings 
ill  lung,  which  otherwise  is  clear.  D.  Lateral  roentgenogram  on  same  date, 
showing  sharp  costophrenic  angles  and  prominent  bronchovascular  markings. 


At  tile  conclusion  of  tlie  operation,  considerable  blood  and  mucus  Avere 
aspirated  from  both  major  bronchi  through  the  bronchoscope. 

The  postoperative  course  was  satisfactory.  When  the  intercostal  tube  was 
removed  on  the  fourth  day,  after  it  had  ceased  to  function,  the  temperature  was 
100°  F.,  the  pulse  90,  and  the  respirations  22.  When  the  patient  Avas  evacuated 
to  the  base  section  on  the  12th  day,  roentg-enograms  (fig.  222B)  shoAA^ed  good 
expansion  of  the  left  lung. 

Management  in  the  Zone  of  Interior.— The  patient  Avas  evacuated  to  the 
Zone  of  Interior  after  delayed  primary  Avound  closure  in  a  base  section  hos¬ 
pital.  He  required  no  active  treatment  there,  and  Avas  given  a  disability 
discharge. 

Followup. — This  patient  reported  in  November  1960  that  he  Avas  Avorking 
as  a  diesel  railroad  engineer  and  Avas  in  good  health.  He  Avas  married  and  had 
two  children.  Eoentgenograms  made  at  this  time  (hg.  222  C  and  D),  IT  years 
after  Avounding,  shoAved  essentially  negative  lung  findings. 

Comment.— In  addition  to  a  sucking  Avound  and  extensive  damage  to  the 
muscles  of  the  posterior  chest  AA\all,  this  patient  had  extensii'e  fractures  of  the 
ribs,  scapula,  and  a  spinous  process,  Avhich  resulted  in  numerous  bony  foreign 
bodies.  Although  this  is  an  area  in  Avhich  anaerobic  celhditis  is  ahvays  a 
possibility,  healing  of  the  lung  and  the  chest  AA'all  occurred  Avithout  pneu¬ 
monitis,  abscess  formation,  or  other  infection.  Early,  careful  debridement,  AAuth 
removal  of  the  bony  fragments,  undoubtedly  Avas  the  most  important  factor  in 
the  good  recoA^ery  and  subsequent  absence  of  serious  disability.  The  role  of  sul¬ 
fanilamide,  AA^hich  Avas  applied  locally  and  given  by  mouth,  is  much  less  certain. 

POSTDISCHARGE  FOLLOWUP 

It  has  been  possible  to  folloAV  the  course  in  ciAulian  life  of  119  of  the  163 
surviA'ors  in  this  series  of  combat  casualties  Avith  chest  Avounds  since  their  dis¬ 
charge  from  the  Zone  of  Interior  hospitals  in  AAdiich  they  Avere  kept  until  their 
AA'ounds  had  healed  and  their  lungs  had  expanded.  When  they  AA^ere  released, 
their  chest  roentgenograms  usually  shoAved  good  healing  of  the  bony  cage  and 
clear  lung  fields  except  for  pleural  adhesions  and  thickening.  The  folloAvup 
j)eriods  ranged  from  3  to  IT  years  and  aA^eraged  5.6  years. 


Roentgenologic  Obseiwations 

Subsequent  roentgenograms  usually  revealed  substantially  the  same  find¬ 
ings  as  the  predischarge  films,  although  there  had  often  been  further  clearing 
of  the  pleural  shadoAvs.  The  most  frequent  abnormal  findings  in  the  current 
roentgenograms  consisted  of  pleural  adhesions  or  tenting  of  the  diaphragm, 
Avhich  occurred  in  5T  cases.  These  roentgenologic  findings  are  exactly  Avhat  one 
Avould  expect  to  find  in  civilian  patients  after  thoracotomy  for  2:)ulmonary, 
mediastinal,  or  cardiac  surgery. 
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Oilier  roentgenologic  observations  included  thickening  of  the  pleura  in  20 
cases,  slightly  increased  or  prominent  bronchovasciilar  markings  in  8  cases, 
and  pulmonary  emphysema  in  5  cases.  The  generally  inconsequential  abnor¬ 
malities  in  the  roentgenograms  described  in  the  14  case  histories  just  recorded, 
all  of  ivhicii  were  taken  16  or  IT  years  after  wounding,  are  typical  of  almost 
all  the  cases  in  this  series. 

Retained  Foreign  Bodies 

Of  the  119  patients  followed  up  in  civilian  life,  41  harbored  retained 
foreign  bodies,  35  times  in  the  lung,  4  times  in  the  chest  wall,  and  once  each  in 
the  liver  and  in  the  region  of  tlie  right  diaphragm.  All  these  objects  were  less 
than  1  cm.  in  diameter,  and  in  no  instance  was  a  pleural  or  pulmonary  reaction 
noted  about  them  on  roentgenograms. 

All  of  these  patients  had  been  observed  in  all  echelons  of  U.S.  Army  hos¬ 
pitals,  from  the  combat  zone  to  the  Zone  of  Interior,  and  in  every  case  it  had 
been  predicted  that  the  retained  missiles  Avould  cause  no  further  difficulties. 
The  prophecy  proved  correct  in  all  but  1  of  the  41  patients.  The  exceiotion  was 
a  32-year-old  infantryman,  who  had  sustained  multiple  Avounds  of  the  arms, 
legs,  and  chest  at  Anzio  on  29  May  1944.  He  Avas  treated  at  the  11th  Field 
Hospital,  Avhere  the  Avounds  of  the  extremities  Avere  debrided.  The  tAvo  pene¬ 
trating  Avounds  of  the  left  chest  Avere  also  debrided,  and  a  foreign  body  Avas 
removed  from  the  chest  Avail.  On  14  Jul}^  1944,  a  drainage  operation  Avas 
performed  for  hemothoracic  empyema  at  the  23d  General  Hos^^ital  at  Aaples, 
and  on  9  February  1945,  a  chest  abscess  Avas  drained  at  Walter  Reed  General 
Hospital. 

The  patient  remained  Avell  until  3  October  1951,  Avhen  hemo23tysis  and  a 
recurrent  infection  of  the  lung  and  the  t^leura  required  Avedge  resection  of  the 
left  loAver  2)nlmonary  lobe,  Avhich  Avas  the  site  of  tlie  retained  foreign  body. 
Both  oj)erations  in  the  Zone  of  Interior  a\  ere  2:>erformed  by  Dr.  Brian  Blades. 

This  Avas  the  only  case  in  this  series  in  Avhich  a  retained  intrathoracic 
foreign  body  guA'e  rise  to  delayed  difficulties.  The  f>atient  ret^n’esents  about 
0.6  2:>ercent  of  the  163  casualties  Avho  surAUA^ed  to  be  evacuated  from  hospitals 
in  the  communications  zone.  From  the  2)ni*ely  clinical  standpoint,  therefore, 
there  seems  to  be  no  reason  for  early  remoA"al  of  small  (less  than  1-cm.) 
asymj^tomatic  missiles.  All  such  objects,  of  course,  should  be  removed  AA'hen- 
eA^er  this  can  be  conveniently  done  in  the  coui'se  of  surgery  on  other  indications. 

Symptoms  Referable  to  the  Chest 

Most  of  the  x^atients  folloAved  u]3  in  civilian  life  had  no  symptoms  referable 
to  the  chest.  The  feAv  AAdio  had  sym2)toms  com2)lained  chiefly  of  pain  and 
dystmea.  The  eA^aluation  of  any  jDosttraumatic  pMii  is  notoriously  difficult, 
2)articularly  AAffien  industrial  compensation  is  part  of  the  picture.  Since  dis- 


ability  and  pensions  were  involved  in  all  of  tliese  chest  injuries,  the  problem 
was  much  the  same  as  in  civilian  compensation  cases. 

Plemoptysis  was  recorded  only  twice.  In  one  case,  just  described,  the 
bleeding  could  be  attributed  to  a  I’etained  foreign  body.  In  the  other,  there  w^as 
occasional  slight  streaking  of  blood  when  a  driver  jumped  off  his  truck  (case 
12,  j).  508).  The  origin  of  the  bleeding  in  this  case  is  not  apparent;  the  roent- 
genograin,  taken  IG  years  after  wounding,  shows  no  signilicant  findings. 

Severe  chronic  cough,  chronic  bronchopulmonary  infection,  bronchiectasis, 
and  chronic  lung  abscess,  the  heritage  of  so  many  thoracic  casualties  of  World 
War  I,  did  not  appear  in  any  of  these  119  patients. 

Psychoiieuroses 

There  is  thus  a  gratifying  paucity  of  physical  complaints  in  these  119 
patients  followed  up  in  civilian  life.  In  another  area,  howe\'er,  unhappy  divi¬ 
dends  of  battle  wounds  are  apparent.  In  18  cases,  reports  in  Veterans’  Admin¬ 
istration  files  indicated  some  form  of  psychoneurosis.  These  were  probably 
the  most  serious  posttraumatic  sequelae  observed.  In  two  instances,  the  patients 
had  sustained  blast  injuries  and  had  had  severe  cerebral  sjnnptoms  immediately 
afterward,  but  all  of  these  symptoms  had  cleared  up  before  their  discharge  from 
Zone  of  Interior  hospitals. 

It  seems  highly  likely  that  the  psychoneuroses  in  these  18  cases  are  far 
more  closely  related  to  the  total  experience  of  war  and  of  Avounding  than  to 
the  chest  Avoimd  in  itself.  They  are  also  both  a  factor  in,  and  an  index  of,  the 
casualty's  postAA^ar  adjustment  to  civilian  life. 

Development  of  Thoracic  Disease 

Whether  the  postdischarge  development  of  thoracic  disease  is  related  to 
thoracic  trauma  is  a  matter  still  to  be  settled.  This  is  the  present  situation  in 
these  llT  men: 

1.  A  number  aa  ere  Imspitalized  at  Anrious  times  for  pneumonia  and  other 
acute  respiratory  infections,  but  the  number  Avas  probably  no  greater  propor¬ 
tionately  than  Avould  be  expected  in  the  general  population. 

2,  Two  patients  developed  pulmonary  tuberculosis,  one  after  reenlistment 
during  the  Korean  War.  Both  cleared  Avell. 

o.  One  patient,  in  1952,  dev^eloped  a  bronchogenic  carcinoma  on  the  same 
side  as  the  penetrating  aa^ouikI  of  the  chest.  He  died  a  year  after  pneu¬ 
monectomy. 

The  incidence  of  posttranmatic  thoracic  disease  Avas  thus  very  small  in 
these  119  patients.  Whether  the  figures  can  be  taken  at  their  face  Anlue  is 
another  matter.  The  number  of  patients  folloAved  up  is  small,  and  the  series 
is  not  representative  in  one  sense,  that  it  includes  only  a  few  patients  Avho  Avere 
not  cared  for  in  the  Veterans’  Administration  hospitals  and  clinics.  Further- 
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more,  carcinoma  of  the  hmg  will  imdoiibtedly  be  seen  in  other  patients,  even 
in  this  small  group,  as  they  pass  into  the  age  range  in  Avhich  this  and  other 
forms  of  malignancy  are  more  common. 

SUMMARY  AND  CONCLUSIONS 

The  patients  in  the  series  reported  in  this  chapter,  like  all  patients  with 
chest  Avounds  encountered  after  March.  1944,  Avere  treated  by  policies  of  man¬ 
agement  deA'eloped,  for  the  first  time  in  medicomilitary  history,  in  the  Mediter¬ 
ranean  theater.  In  general,  these  policies  Avere  conservatiA^e,  and  it  is  fair  to 
say  that  no  patient  in  the  series  Avho  Avas  treated  Avithout  thoracotomy  at  initial 
Avound  surgery  because  he  Avas  not  considered  to  need  that  operation  sufi'ered  in 
any  Avay  because  his  chest  Avas  not  Avidely  opened. 

In  summary,  these  policies  and  pi'actices  Avere  as  folloAvs: 

1.  Careful  stabilization  of  the  cardiorespiratory  physiology  Avas  the  first 
principle  of  management  and  Avas  vital  to  the  success  of  eA'ery  procedure  from 
simple  debridement  of  the  cliest  Avail  to  extensive  intrathoracic  surgery.  That 
is,  no  matter  Avliat  the  Avound,  the  first  attention  Avas  directed  to  its  effect  on  the 
lung  and  the  heart.  The  single  possible  exception  to  this  generalization  Avas 
thoracoabdominal  Avounds  associated  Avitli  shock  caused  by  peritoneal 
contamination. 

2.  Debridement  of  the  Avound  Avas  the  first  procedure  in  thoracic  Avounds. 
In  those  limited  to  the  chest  Avail,  nothing  else  Avas  required. 

fi.  The  indications  for  primary  thoracotomy  in  forward  echelons  Avere 
strictly  limited.  Tliey  included  traumatic  thoracotomy  (sucking  Avound), 
thoracoabdominal  Avounds,  continued  intrathoracic  hemorrhage,  leakage  of 
air  from  the  respiratory  tract,  and  injury  to  A^ital  mediastinal  structures 
(eso})hagus,  trachea,  heart,  great  Aessels,  and  thoracic  duct).  In  retrospect, 
there  seems  to  be  no  Aailid  reason  to  Aviden  these  indications.  Tlieir  standard¬ 
ization,  in  fact,  represented  a  major  contribution  to  thoracic  surgery  in  World 
War  II. 

4.  Immediate  recognition  and  intensiAn  treatment  of  the  Avet  lung  syn¬ 
drome  not  only  reduced  the  intial  surgical  mortality  but  prevented  the  late 
sequelae  of  pulmonary  atelectasis  and  bronchopulmonary  suppuration.  These 
Avere  frequent  sequelae  of  chest  Avounds  in  World  War  I.  There  Avein  no 
complications  of  this  sort  in  this  series. 

5.  In  scA'ere  AATt  lung,  in  Avliich  pain  in  the  chest  Avail  Avas  an  important 
factor,  treatment  consisted  of  intercostal  nerAn  block,  tracheobronchial  aspira¬ 
tion,  and  the  administration  of  oxygen  under  intermittent  positiAn  pressure. 
All  of  these  techniques  have  been  carried  oA^er  to  civilian  thoracic  surgery  since 
the  Avar,  In  fact,  intermittent  positive  pressure  oxygen  therapy,  Avliich  Avas 
used  in  the  Mediterranean  theater  for  the  first  time  in  medical  history,  in  the 
management  of  severely  Avounded  thoracic  casualties  before  and  after  opera- 
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tion,  is  now  almost  standard  in  the  management  of  many  pulmonary  and  cardiac 
conditions  for  wliicli  thoracic  surgery  is  done. 

G.  Prompt  aspiration  of  hemothoraces  increased  the  vital  capacity  of  the 
lung  and  permitted  the  evaluation  of  the  degree  of  intrapleural  hemorrhage. 
In  some  instances,  this  measure  undoubtedly  prevented  tlie  deposition  of  fibrin 
and  tlie  development  of  the  so-called  captiA^e  hmg.  In  no  instance  was  there 
any  evidence  that  bleeding  into  the  chest  vrus  increased  by  this  technique,  as 
many  surgeons,  before  the  war,  had  predicted. 

7.  Hematomas,  e\'en  if  they  iiiAmlved  an  entire  pulmonary  lobe,  responded 
Avell  to  conservative  treatment  and  furnished  no  indications  for  resection  of 
the  involved  tissue.  These  hematomas  resoh^ed  Avith  almost  no  pathologic 
pulmonary  residua. 

8.  Pulmonary  lacerations  usually  responded  to  intercostal  decompression 
hy  the  closed  technique.  If  they  did  not,  thoracotomy,  Avith  simple  suture,  Avas 
the  indicated  treatment,  hreither  lobectomy  nor  resection  Avas  required.  In 
fact,  these  folloAvup  studies,  as  Avell  as  other  studies,  shoAv  that  such  operations 
had  no  place  in  the  initial  surgery  of  Avar  casualties.  Even  localized  (seg¬ 
mental  or  less)  resections  Aveie  almost  neA-er  indicated:  only  one  Avas  pei'formed 
in  this  series.  The  explanation  is  the  tremendous  recuperatiA^e  poAvers  of  the 
lung  together  AAuth.  its  dual  blood  suppl}^  and  elaborate  lymph  drainage. 

9.  Sucking  Avounds  of  the  chest  required  immediate  occlusion  of  the  chest 
AAuill  defect.  After  resuscitation  of  the  patient  from  the  cardiorespiratory 
point  of  vieAv,  traumatic  thoracotomy  could  be  performed  Avith  a  Ioav  mortality 
and  generally  excellent  results. 

10.  Patients  Avith  blast  injuries  Avho  surviA^ed  their  stay  in  forAvard  hos¬ 
pital  could  be  returned  to  ciAulian  life  AAuth  feAA^  cardiorespiratory  symptoms 
and  only  moderate  residua  caused  by  damage  to  the  cerebrum  or  tympanum. 

11.  Eetained  foreign  bodies,  if  they  Avere  not  producing  hemorrhage,  per¬ 
sistent  air  leaks,  or  esophageal  trauma,  Avere  best  handled  at  the  base  section, 
AA’here  the  patient  Avas  in  better  condition  to  tolerate  the  necessary  procedures. 
Asymptomatic  foreign  bodies  in  the  lung,  pleura,  and  mediastinum  Avhich 
Avere  less  than  1  cm.  in  diameter  Avere  usually  Avell  tolerated,  if  the  eA’idence  of 
this  series  is  to  be  belieA’^ed. 

12.  Patients  AAuth  thoracoabdominal  Avounds  handled  by  the  principles 
employed  for  thoracic  and  abdominal  surgery  in  the  Mediterranean  theater 
Avere  retux*ned  to  ciAulian  life  Avith  feAv  or  no  cardiorespiratory  or  gastrointes¬ 
tinal  symptoms. 

13.  Patients  Avith  mediastinal  injuries  seldom  survived  to  reach  foinvard 
hospitals.  When  they  did,  gratifying  long-term  results  Avere  acliicA^ed  if  they 
Avere  managed  by  the  principles  and  practices  just  described. 

The  postAvar  folloAvup  of  the  j)atients  in  this  series  furnishes  eA^ery  cause 
for  encouragement  as  to  the  general  results  of  these  principles  and  jxractices. 
The  series  is  small,  it  is  true,  but  it  is  entirely  uuselective  except  in  the  sense 
that  tlie  patients  Avere  included  in  it  because  the  original  information  concern- 
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ing  their  wounds  was  available  and  their  subsequent  records  were  complete 
enough  to  be  useful. 

Only  4  of  the  IGT  severely  wounded  casualties  in  this  series  who  survived 
initial  wound  surgery  in  forward  hospitals  died  in  base  hospitals,  and  no  deaths 
attributable  to  thoracic  Avounds  occurred  in  casualties  folloAved  up  in  Zone  of 
Interior  hospitals  or  in  those  traced  in  civilian  life. 

From  the  records,  and  from  personal  correspondence  Avitli  a  number  of 
men  in  the  group,  it  Avas  eAudent  that  practically  all  of  them  Avere  gainfully 
employed,  usually  full  time;  that  they  Avere  married  and  had  families;  tliat 
they  Avere  leading  useful  civilian  lives;  and  that,  Avith  few  exceptions,  they 
considered  themselves  Avell  from  the  standpoint  of  their  chest  Avounds. 

The  assumption  also  seems  Avarranted,  as  already  intimated,  that  tlie  ma¬ 
jority  of  patients  in  the  original  panel  of  casualties  (822)  do  not  ajDpear  in  this 
folloAvup  because  they  regarded  themselves  Avell.  Those  AAdio  reported  to  the 
Veterans’  Administration  are  a  group  Avith  more  persistent  ill  effects  from 
their  Avounds — frequently  not  their  thoracic  Avounds— or  a  group  of  psyclio- 
neurotic  patients  AAdiose  attention  Avas  focused  on  their  old  chest  injuries. 

One  emerges,  therefore,  from  an  analysis  of  these  records  Avith  the  impres¬ 
sion  that  if  the  patients  in  the  series  may  be  assumed  to  be  representatiAT,  the 
great  majority  of  casualties  aaIio  survived  chest  AA^ounds  ^yerQ  really  rehabili¬ 
tated  and  restored  to  normal,  useful  lives.  If  this  impression  is  correct  (and 
there  are  no  data  to  the  contrary),  it  furnishes  strong  evidence  of  the  validity 
of  the  principles  and  practices  of  thoracic  snrgeiy  developed  in  the  iMediter- 
ranean  theater  in  World  War  II  and  recorded  in  detail  in  these  volumes. 
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Thronglioiit  this  vohiiDe,  statistical  and  other  material  has  been  cited  from  the  clinical 
experiences  in  World  War  II  of  various  organizations  and  individnals.  This  appendix  sum¬ 
marizes  the  clinical-statistical  data  on  thoracic  surgery  of  the  activities  of : 

1.  The  2d  Auxiliary  Surgical  Group  in  the  Mediterranean  (formerly  North  African) 
Theater  of  Operations,  U.S.  Army,  from  the  final  report  made  by  Maj.  (later  Lt.  Col.) 
Reeve  II.  Betts,  MC ;  Maj.  (later  Lt.  Col.)  Paul  C.  Samson,  MC ;  May  Lyman  A.  Brewer 
III,  MC  ;  Maj.  (later  Lt.  Col.)  Lawrence  :il.  Shefts,  MC ;  and  Maj.  Thomas  H.  Burford,  MC. 

2.  The  5th  Auxiliary  Surgical  Group  in  the  Kuropeaii  Theater  of  Operations,  U.S. 
Army,  from  the  final  reports  on  1,0(18  war  wounds  of  the  thorax  and  abdomen,  made  by  Maj. 
William  H.  Palor,  MO;  Maj.  Charles  B.  Burbank,  MC ;  and  Maj.  (later  Lt.  Col.)  Elmer 
D.  Gay,  UC. 

3.  The  Kennedy  General  Hospital  thoracic  surgery  center,  Memphis,  Tenn.  The  mate¬ 
rial  used  is  an  analysis  of  the  lirst  500  thoracic  casualties  received  in  the  center  after  it 
became  fully  operational.  The  report  was  prepared  liy  iNIaj.  Earle  B.  Kay,  iMC,  and  Lt,  Col. 
Richard  II.  Meade,  MC. 

The  original  detailed  reports  are  on  file  in  The  Historical  Unit,  U.S.  Army  Medical 
Service. 


2D  AUXILIARY  SURGICAL  GROUP 
Basic  Data 


Between  the  Tunisian  landings  in  November  1942  and  the  end  of  the  war  in  Italy  in 
May  1945,  the  27  general  surgical  and  5  thoracic  surgical  teams  of  the  2d  Auxiliary  Surgical 
Group’  cared  for  approximately  22,000  battle  casualties  in  North  Africa,  Sicily,  Italy, 
southern  Prance,  and  Germany.  The  3,154  abdominal  injuries  included  in  this  material 
are  analyzed  in  another  volume  of  this  series.^ 

During  the  specified  period,  surgeons  of  the  2d  Auxiliary  Surgical  Group  cared  for 
1,364  casualties  with  thoracic  wounds,  135  of  whom  (9,89  percent)  died,  and  903  casualties 
with  thoracoabdominal  wounds,  247  of  whom  (27.35  percent)  died.  This  is  a  total  of  2,267 
casualties  with  thoracic  and  thoracoabdominal  wounds  and  382  deaths  (10.85  percent). 

Among  the  casualties  with  only  chest  wounds  were  115  civilians  and  prisoners  of  war, 
of  whom  19  (16.52  percent)  died.  This  leaves  116  deaths  in  1,249  U.S.  Army  i^ersonnel  with 
thoracic  wounds  (9.29  percent).  The  following  discussion  includes  only  these  1,249  casual¬ 
ties  unless  otherwise  specified. 

The  figures  include  all  penetrating  and  perforating  wounds  encountered  by  the  group 
surgeons  during  this  period.  They  do  not  include  injuries  limited  to  the  thoracic  cage, 


1  The  extensive  experience  of  the  teams  of  the  2a  Auxiliary  Surgical  Group  with  thoracoabdominal 
injuries  is  summarized  under  that  lioading  (p.  IMO). 

-  Medical  Department,  United  States  Army,  Surgery  in  World  War  II.  General  Surgery.  Volume 
II.  Washington  :  U.S.  Government  Printing  Office,  19”)0,  pp.  79-33.3. 
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^vitliout  pleural  penetration,  even  though  pleural  damage  sometimes  occurred  under  these 
circumstances. 

In  the  early  days  of  the  Tunisinn  campaign,  a  small  number  of  these  casualties  were 
operated  on  in  clearing  stations.  A  few  were  also  operated  on  in  beach  installations,  dur¬ 
ing  the  lirst  few  days  of  amphibious  landings.  AVith  these  exceptions,  all  the  casualties 
received  their  initial  wound  surgery  in  field  and  evacuation  hospitals. 

All  the  deaths  occurred  in  these  forward  hospitals,  for  which  the  figures  can  be 
assumed  to  be  complete.  On  the  other  hand,  casualties  were  held  in  forward  hospitals  only 
for  limited  periods,  seldom  more  than  14  days.  It  must  therefore  be  assumed  that  a  certain 
number  of  deaths  occurred  later,  in  fixed  hospitals  and  thoracic  surgery  centers  in  the  base. 
4 here  is  no  information  on  this  point,  for  the  attempts  at  followup  that  were  occasionally 
made  were  not  successful. 

Deficiencies  of  records. — Many  errors  and  imponderables  enter  into  any  records  pre¬ 
pared  l)y  medical  officers  under  field  conditions.  There  are  errors  and  omissions  in  these. 
Yet  they  are  surprisingly  complete  when  one  considers  the  circumstances  in  which  the 
material  was  compiled.  It  was  necessary  for  each  team  to  prepare  from  four  to  seven 
official  records  on  each  patient,  all  in  longhand,  all  without  secretarial  or  stenograjihic 
help,  and  all  containing  much  duplicated  material.  All  post  mortem  examinations  were 
made  by  members  of  the  teams,  and  all  protocols  were  written  by  them  in  longhand.  During 
rush  periods,  when  surgeons  were  working  long  hours  under  extremely  adverse  conditions, 
their  zea.l  in  the  preparation  of  additional  records  for  some  future  study  was  naturally 
limited.  The  most  amazing  thing  about  the  records  is  that  they  were  kept  at  all. 

These  statistics  and  conclusions  are  based  on  the  overall  experience  of  the  surgeons 
of  the  2d  Auxiliary  Surgical  Group.  They  represent  not  only  individual  experiences  but 
the  aggregate  experiences  of  all  the  surgeons.  The  number  of  iuiuries  is  large  enough  to 
warrant  comdusions.  The  casualties  were  treated  over  a  sufficiently  long  time,  in  suffi¬ 
ciently  varied  climates  and  terrains,  under  sufficiently  varied  conditions,  to  compensate  for 
some  of  the  variables  and  to  cancel  out  some  of  the  inevitable  errors.  The  chief  .lustifica- 
tion  for  the  presentation  of  this  clinical-statistical  material  in  detail  is  that,  so  far  as 
is  known,  this  is  the  most  extensive  study  of  combat-incurred  thoracic  and  thoracoabdominal 
wounds  that  has  ever  been  made. 

Chronologic  division  of  cases.— There  are  a  number  of  I'easons  for  analyzing  certain 
of  these  data  according  to  whether  the  casualties  were  treated  before  or  after  1  May  1944. 
The  date,  which  is  arbitrarily  selected,  represents  a  turning  point  in  clinical  policies,  to 
which  the  improved  results  (a  drop  in  the  case  fatality  rate  from  11.27  percent  to  8.3 
percent)  bear  witness.  Among  the  factors  responsible  for  this  improvement  were  : 

1.  Better  triage,  based  on  a  clarified  definition  of  transportability  (vol.  I). 

2.  More  rapid  evacuation  of  casualties  from  the  battlefield  to  the  division  clearing 
station. 

3.  A  more  correct  appreciation  of  the  physiologic  components  of  resuscitation,  in¬ 
cluding  the  importance  of  wet  lung  (p.  207) . 

4.  A  clarification  of  the  indications  for  thoracotomy  in  forward  hospitals  and  of  the 
limitations  of  this  operation. 

5.  Improvements  in  postoperative  care. 

G.  The  provision  of  liberal  amounts  of  blood  by  a  theater  blood  bank,  so  that  every 
casualty  could  be  given  all  he  needed. 

7.  Improvements  in  anesthesia,  as  a  result  of  both  more  adequate  equipment  and  the 
increased  experience  of  anesthesiologists. 

S.  The  universal  availability  of  penicillin,  which  after  1  May  1944  could  be  used  in 
adequate  amounts  whenever  it  was  indicated. 

9.  The  increased  experience  of  both  thoracic  surgeons  and  general  surgeons  who  were 
called  upon  to  care  for  thoracic  casualties,  which  is  discussed  elsewhere  as  the  so-called 
learning  curve  (p.  139). 
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It  was  the  opinion  of  many  surgeons  of  the  2(1  Auxiliary  Surgical  Group  that  casualties 
cared  for  after  1  May  1944  were,  generally  speaking,  more  severely  wounded  than  those 
treated  before  that  date.  This  is  not  a  matter  which  lends  itself  to  statistical  proof.  If 
the  opinion  were  correct,  and  if  other  factors  had  remained  equal,  a  higher  case  fatality 
rate  might  have  been  anticipated  after  that  date.  Instead,  as  just  pointed  out,  the  rate 
fell,  probably  for  the  reasons  just  specified. 

Wounding  Agents  and  Location  of  Injuries 

Ill  the  l,20o  injuries  in  whicli  this  information  is  available,  the  wounding  agent  was  a 
shell  fragment  in  830  cases,  a  gunshot  wound  in  371  cases,  and  a  stab  wound  in  2  cases. 

In  1,240  stated  injuries,  the  right  side  was  involved  002  times  (4S.55  percent)  and  the 
left  side  (503  times  (48.63  i^tercent)  ;  both  sides  were  involved  35  times  (2,82  percent). 

In  1,238  injuries,  719  of  the  wounds  were  penetrating  (58.08  percent),  478  perforating 
(38.(51  percent),  and  41  lacerating  (3.31  percent). 

Shock  and  Resuscitation 


Shock. — Of  the  400  thoracic  casualties  treated  before  1  May  1944  (hereafter  referred 
to  as  Group  I)  for  whom  this  information  was  recorded,  149  were  not  in  shock,  67  were 
in  mild  shock,  83  were  in  moderate  shock,  and  44  were  in  severe  shock.  The  corresponding 
data  for  the  849  casualties  treated  after  1  May  1944  (hereafter  referred  to  as  Group  II) 
indicate  that  314  were  not  in  shock,  1(52  were  in  mild  shock,  190  were  in  moderate  shock 
and  110  were  in  severe  shock. 

Blood  and  plasma.— During  the  early  fighting  in  North  Africa,  plasma  was  used  lib- 
erally  and  blood  infrequently.  Blood  was  used  in  increasing  amounts  and  on  broadening 
indications  in  the  fighting  in  Sicily  and  in  the  first  months  of  fighting  in  Italy,  but  the 
supply  was  limited,  and  it  was  often  difficult  to  obtain  until  a  theater  blood  bank  was 
estaldished  in  Naples  in  Eehruary  1944.  That  circumstance  is  part  of  the  explanation 
for  the  more  limited  use  of  blood  and  the  more  liberal  use  of  plasma  in  Group  I  injuries 
in  this  series.  On  the  other  hand,  there  must  also  be  taken  into  consideration  that  in  the 
early  months  of  the  war,  it  was  believed  that  plasma  was  an  acceptable  substitute  for  whole 
blood  and  that  in  some  quarters,  at  least,  this  belief  died  slowly.  The  amount  of  blood 
and  plasma  administered  to  these  two  groups  of  casualties  therefore  depended  not  only 
upon  their  special  necessities  hut  upon  the  availability  of  whole  blood  and  the  original 
imiwession  of  the  value  of  lolasma. 

It  is  not  thought  that  the  statistics  that  follow  arc  complete,  though  they  are  based 
on  all  the  specific  information  recorded  on  the  emergency  medical  tag  and  on  the  records 
of  the  hospital  in  which  initial  wound  surgery  was  performed.  Entries  on  some  additional 
charts  suggested  that  replacement  therapy  might  have  been  employed,  but  the  data  were 
not  specific  and  were  discarded. 

The  composite  recorded  figures  for  replacement  therapy  are  as  follows  : 

In  Group  I,  196  or  400  patients  (49.00  percent)  received  plasma  in  the  total  amount 
of  138.200  cc.,  the  average  amount  per  patient  btnng  705  cc.  The  largest  amount  given 
was  2.500  cc. 

In  Group  II,  569  of  the  849  casualties  (67.02  percent)  received  a  total  amount  of 
351,200  cc.  of  plasma,  the  average  amount  per  patient  being  617  cc.  The  largest  amount 
given  was  2,750  cc.  The  drop  in  Group  II  of  almost  100  cc.  in  the  average  per  case  probably 
reflected  the  increased  availability  of  blood  at  this  time  and  the  restriction  of  plasma 
to  its  proper  uses. 

In  Group  I,  172  of  the  400  patients  (43.00  percent)  received  a  total  of  179,900  cc.  of 
blood,  the  average  per  patient  being  1,046  cc.  The  largest  amount  given  was  3,600  cc. 
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In  Group  II,  G33  of  the  840  ca.sinilties  (74.5G  percent)  received  a  total  amount  of 
753,850  cc.,  the  average  amount  per  patient  being  1,189  cc.  The  largest  amount  given  to 
a  single  patient  was  7,500  cc. 

Autotransfusion  was  used  in  20  patients  in  Group  I,  in  the  total  amount  of  23,400.  The 
average  per  patient  was  807  cc.,  and  the  largest  amount  thus  given  was  2,700  cc. 

In  Group  II.  42  patients  were  treated  by  autot  ransfusion.  in  the  total  amount  of  28,950 
cc.  The  average  per  patient  was  G80  cc.,  and  the  largest  amount  givcm  was  2,000  cc.  The 
ligures  for  Group  II  probably  retlect  the  increased  availability  of  blood:  autotransfusion 
is  not  a  desirable  technique  if  blood  can  be  secured  elsewhere. 

Other  resuscitative  measures. — In  Group  I,  8  of  the  400  patients  were  treated  by  inter¬ 
costal  nerve  l)lock,  53  l)y  thoracentesis  (in  1  case  via  intercostal  catheter),  and  4  by 
tracheal  aspiration  per  catheter.  lh*eoperative  bronchoscopy  to  clear  the  airway  was  not 
used  in  any  instance  in  Group  I, 

In  Group  II,  GO  of  the  840  casualties  were  treated  by  intercostal  nerve  block,  218  by 
thoracentesis  (in  0  cases  by  intercostal  catheter),  25  by  tracheal  aspiration  ]:>er  catheter, 
and  8  by  bronchoscopy.  One  must  be  impressed  by  the  more  active  measures  used  in 
Group  II  to  facilitate  deep  breathing  and  coughing  and  to  keep  the  airway  clear.  In  spite 
of  the  time  consumed  by  these  additional  measures,  the  average  timelag  fell  from  15.7 
hours  in  Group  I  to  14.0  hours  in  Group  II. 

Measures  to  control  pressure  imeumothorax  were  seldom  necessary.  This  complication 
was  encountered  only  once  in  Group  I  and  only  10  times  in  Group  II. 


Surgical  Procedures 

In  Group  I,  234  of  the  400  patients  (58.50  percent)  were  treated  only  by  debridement. 
In  Group  II.  534  of  the  840  patients  (G2,00  percent)  were  thus  treated. 

In  Group  I,  07  thoracotomies  were  performed  by  general  surgical  teams  in  the  243 
cases  which  they  handled  (27.57  percent).  There  were  11  deaths  (1G.42  percent).  In  this 
same  group,  over  the  same  period,  72  thoracotomies  were  pcu-formed  in  157  cases  (45. 8G 
percent)  by  thoracic  surgical  teams,  with  10  deaths  (13.80  percent). 

In  Group  II,  224  thoracotomies  were  performed  in  G23  cases  by  gcmeral  surgical  teams 
(3o.O.)  percent),  with  27  deaths  (12.05  percent).  In  this  same  group.  72  thoracotomies  were 
performed  in  22G  cases  by  thoracic  surgical  teams  (31.8G  percent),  with  G  deaths  (8.33 
percent).  The  casualties  in  this  group  were  all  carcal  for  after  strict  limitations  had  been 
X)ut  upon  the  use  of  thoracotomy.  This  fact  is  reflected  in  the  much  smaller  proportion  of 
cases  in  which  the  operation  was  used,  as  well  as  in  the  reduced  case  fatality  rates. 

Thoracotomy  was  performed  through  the  wound  in  3G8  cases,  in  15G  of  which  it  was 
necessary  to  enlarge  the  traumatic  thoracotomy,  and  by  a  separate  elective  incision  in  67 
cases. 

The  indications  for  the  operation,  according  to  the  144  charts  on  which  this  informat  ion 
was  available,  were  as  follows : 

Combined  thoracic  and  abdominal  wounds  (as  contrasted  to  thoracoabdominal  wounds) 
in  G3  cases,  with  13  deaths. 

Bleeding  in  3G  castes,  with  G  deaths. 

Injuries  to  the  mediastinum,  heart  or  both  in  20  cases,  with  2  deaths. 

Retained  foreign  bodies  in  11  cases. 

Retained  bone  fragments  in  3  cases,  with  1  death. 

Pulmonary  lacerations  in  2  cases,  with  1  death. 

Bronchial  injuries  in  3  cases,  with  1  death. 

Injuries  of  the  esophagus  in  3  cases,  with  3  deaths. 

Possible  injury  of  a  hilar  vessel,  pressure  pneumothorax,  and  failure  of  the  lung  to 
expand  in  1  case  each.  The  casualty  with  the  vascular  injury  did  not  survive. 
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Analysis  of  Fatalities 


The  breakdow]!  of  the  IIG  deaths  in  1,240  wounds  of  the  chest  in  U.S.  Army  personnel 
(0.29  percent  )was  as  follows: 

r>Z  deaths  in  708  debridements  (G.OO  percent). 

10  deaths  in  284  debridements  in  Group  I  (8.12  percent). 

84  deaths  in  534  debridements  in  Group  II  (G.87  percent). 

54  deaths  in  485  thoracotomies  (12.41  percent). 

21  deaths  in  180  thoracotomies  in  Group  I  (15.11  percent). 

83  deaths  in  20G  thoracotoniies  in  Group  II  (11.15  percent). 

0  deaths  before,  or  in  the  course  of,  operation. 

There  were  19  deaths  in  the  115  wounds  in  civilians  and  prisoners  of  war  not  included 
in  this  analysis  (1G.52  percent). 

Amoiii?  the  1,240  casualties  with  chest  injuric^s  were  200  who  also  had  associated 
wounds  of  major  importance,  including  63  wounds  of  the  abdomen,  42  severe  compound 
fractures,  30  spinal  cord  injuries,  15  severe  soft  tissue  wounds,  7  traumatic  amputations, 
and  4  contralateral  thoracoabdominal  wounds. 

There  were  4G  deaths  in  these  200  cases  (23.0  percent),  as  compared  to  70  deaths  in 
the  1.040  IJ.S.  Army  casualties  (G.G7  percent)  whose  wounds  were  limited  to  the  chest 
or  who  had  associated  wounds  not  of  major  importance.  In  all  combat  injuries,  the  i*isk 
was  always  greater  when  the  wounds  were  multiple,  and  it  increased  in  proportion  to  the 
severity  of  the  principal  and  associated  injuries.  In  many  of  the  cases  just  listed,  the 
chest  wound  was  obviously  of  lesser  importance  than  the  associated  injury. 


Causes  of  Death 

In  10  of  the  IIG  deaths  in  U.S.  Army  personnel,  the  cause  was  not  recorded  and  it  was 
impossible  to  gather  from  the  scanty  notes  to  what  they  should  be  attributed.  The  41 
separate  causes  listed  for  the  remaining  100  deaths  can  be  conveniently  grouped  as  follows  : 

Pulmonary  and  respiratory  causes.— Of  the  100  deaths,  28  were  due  to  pulmonary  or 
respiratory  conditions.  This  was  the  largest  single  group  of  deaths,  and,  from  the  clinical 
standpoint,  the  group  most  amenable  to  treatment.  In  the  opinion  of  the  surgeons  who 
cared  for  these  casualties,  some  of  these  deaths,  at  least,  must  be  regarded  as  preventable. 

Seven  deaths  from  pulmonary  edema  occurred  between  the  tirst  and  fourth  post¬ 
operative  days.  In  every  instance,  the  pulmonary  damage  was  severe.  It  is  not  known 
whether  positive  pressure  oxygen  therapy  was  employed  in  any  of  these  patients,  but  in 
several  cases,  it  was  thought  that  injudicious  replacement  therapy  played  a  part  in  the 
fatality. 

In  15  cases,  the  cause  of  death  was  listed  as  pneumonia.  In  some  instances,  exposure 
on  the  battlefield,  preexisting  upper  respiratory  infection,  and  the  virulence  of  the  organism 
in  relation  to  the  resistance  of  the  host  explained  both  the  complication  and  the  fatal 
outcome. 

Four  patients  died  of  atelectasis.  One  died  of  tracheal  obstruction  caused  by  an  ex¬ 
cessive  production  of  mucus,  and  another  died  of  wet  lung,  on  the  fifth  postoperative  day. 
Attempts  to  improve  drainage  of  the  tracheobronchial  tree  were  always  vigorous,  once  the 
importance  of  the  wet  lung  of  trauma  had  been  realized  (p.  207),  but  occasionally  they  were 
not  successful.  Sometimes  there  was  a  recurrence  of  the  tracheobronchial  obstruction 
after  it  had  been  relieved,  and  the  stage  was  then  set  for  the  development  of  atelectasis  and 
liiicumonia  if  prompt,  zealous  efforts  were  not  made  to  overcome  it. 

gjiock. _ Ten  patients  died  of  shock,  eight  on  the  day  of  operation,  one  on  the  following 

day,  and  one  on  the  second  postoperative  day. 
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Nine  patients  died  of  renal  failure,  Avliicli  in  most  instances  seemed  related  to  their 
previous  state  of  shock.  All  these  deaths  occurred  in  Group  II ;  earlier  in  the  war,  lower 
nephron  nephrosis  was  not  recognized  and,  as  a  matter  of  fact,  much  about  it  remained 
to  be  clarified  when  the  war  ended. 

Hemorrhage. — Nine  patients  died  of  hemorrhage,  as  follows: 

3  from  lacerations  of  the  aorta. 

2  from  massive  intrapleural  hemorrhage. 

2  from  massive  intrapulmonary  hemorrhage. 

1  from  mediastinal  hemorrhage. 

1  from  laceration  of  the  vena  cava. 

The  small  nunil)er  of  deaths  from  intrapleural  and  intrapulmonary  hemorrhage  (only 
five  when  the  lacerations  of  the  great  vessels  are  excluded)  is  striking  in  view  of  the  em¬ 
phasis  put  upon  intrathoracic  bleeding  as  a  possible  cause  of  death  in  the  prewar  discussion 
of  chest  injuries. 

Cardiac  deaths.— There  were  five  deaths  from  cardiac  injuries,  three  of  which  had  been 
overlooked,  and  another  death  from  cardiac  tamponade.  One  of  these  injuric^s  was  com¬ 
plicated  by  atelectasis.  Two  other  dcaiths  were  caused  by  cardiac  fibrilbition. 

Miscellaneous  causes  of  death.— Other  causes  of  death,  which  cannot  be  conveniently 
grouped,  were  as  follows  : 

6  deaths  from  blast  injuries,  which  affected  the  pulmonary  tissues  in  4  cases,  the 
mediastinal  tissues  in  1  case,  and  the  cerebral  tissues  in  1  case. 

4  deaths  from  clostridial  myositis,  in  1  instance  complicated  by  pneumonia. 

4  deaths  from  pulmonary  embolism, 

3  deaths  from  mediastlnitis,  in  all  of  which  injuries  to  the  esophagus  or  the  esophagus 
and  trachea  had  been  overlooked, 

3  deaths  from  cerebral  anoxia. 

2  deaths  from  aspiration  pneumonia,  both  caused  by  aspiration  of  voniitus  during 
anesthesia. 

1  death  from  each  of  the  following  causes :  cerel)ral  malaria,  cerebral  eml)olism, 
cerel)ral  abscess,  phosphorous  burns,  splenomegaly  and  jaundice,  severe  lacerations  of  the 
lung,  the  vagovagal  reflex,  peritonitis,  thrombosis  of  the  pulmonary  artery,  empyema,  right 
heart  failure,  massive  emphysema,  pressure  pneumothorax,  and  multiplicity  of  wounds. 

Post  mortem  observations. — Post  mortem  examination  was  carried  out  in  78  of  the 
110  fatalities,  the  most  impressive  findings  being  12  overlooked  injuries,  including  3  per¬ 
forations  of  the  aorta  ;  3  cardiac  injuries,  1  associated  with  massive  pulmonary  collapse ;  3 
injuries  of  the  esophagus,  1  associated  with  an  injury  of  the  trachea;  1  injury  of  the 
trachea ;  and  1  injury  of  the  vena  cava.  Thoracic  surgical  teams  cared  for  only  3  of  these 
12  cases. 

Chronology  of  deaths. — Of  the  IIG  deaths,  9  (7.76  percent)  occurred  before  surgery 
could  be  undertaken  or  on  the  operating  table.  Of  the  remainder,  26  occurred  the  da.v 
of  operation,  tO  on  the  first  postoperative  day,  and  9  on  the  second  postoperative  day.  In 
other  words,  something  over  half  (54.3  percent)  of  the  116  fatalities  had  occurred  by  the 
end  of  the  second  postoperative  day.  All  but  10  of  the  116  fatalities  (91.4  percent)  had 
occurred  by  the  seventh  postoperative  day. 

5TH  AUXILIARY  SURGICAL  GROUP 

In  the  1,068  combat-incurred  wounds  of  the  chest  and  abdomen  treated  by  surgical 
teams  of  the  5th  Auxiliary  Surgical  Group  in  the  European  theater  in  1944  and  1945  were 
374  penetrating  and  perforating  wounds  of  the  chest,  with  31  deaths  (8.29  percent)  and  165 
thoracoabdominal  wounds,  with  39  deaths  (23.70  percent).  A  few  of  these  wounds  occurred 
in  civilian  casualties,  but  the  analysis  does  not  distinguish  them  from  the  injuries  in 
military  personnel. 
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Thoracic  Wounds 

Basic  data. — Of  the  374  patients  with  perforating  or  penetrating  wounds  of  the  chest, 
283  were  treated  in  field  hospitals  and  91  in  evacuation  hospitals.  Field  hospitals  received 
twice  as  many  casualties  within  the  first  12  hours  after  wounding  as  in  the  second  12-hour 
period.  Evacuation  hosxntals  received  about  the  same  numher  in  each  12-hour  period. 
The  timelag  for  field  hospitals  averaged  7  hours  and  for  evacuation  hospitals,  10  hours. 

Of  these  wounds  of  the  chest  180  were  on  the  left  and  189  on  the  right;  5  were 
bilateral.  Gunshot  caused  193  wounds  and  shell  fragments  181.  Penetrating  wounds 
caused  by  shell  fragments  were  twice  as  frequent  as  perforating  wounds,  and  sucking 
wounds  were  caused  by  shell  fragments  twice  as  frequently  as  by  gunshot.  Sucking  wounds 
were  also  twice  as  common  in  penetrating  as  in  perforating  wounds. 

Policies  of  management. — In  the  European  theater,  as  in  the  Mediterranean  theater, 
the  management  of  chest  wounds  progressed  through  a  definite  cycle.  In  the  beginning, 
before  surgeons  had  had  much  experience  with  combat-incurred  wounds,  the  general 
tendency  was  to  be  somewhat  radical,  and  there  were  few  patients  with  chest  wounds 
who  did  not  undergo  thoracotomy.  When  casualties  became  heavy,  however,  and  there 
was  a  large  backlog  of  patients  with  abdominal  and  thoracoabdominal  wounds,  experience 
showed,  as  it  had  in  the  Mediterranean  theater,  that  casualties  with  thoracic  injuries  could 
be  treated  satisfactorily  by  delayed  surgery  and  by  less  radical  procedures. 

The  following  indications  for  thoracotomy  then  became  regulation  : 

1.  Hemothorax  due  to  active  bleeding,  with  rapid  refilling  of  the  pleural  cavity  after 
aspiration.  The  source  of  bleeding  was  usually  an  intercostal  artery  or  the  internal  mam¬ 
mary  artery ;  the  lung  itself ;  or,  less  often,  the  heart  or  some  other  mediastinal  structure. 
Patients  in  this  groui)  were  usually  in  severe  shock  on  admission  and  did  not  respond  well 
to  resuscitation. 

2.  Massive  clotted  hemothorax  that  did  not  lend  itself  to  aspiration.  These  patients 
often  presented  dyspnea,  cyanosis,  and  mediastinal  shift.  Evacuation  of  clotted  blood 
and  control  of  bleeding  were  readily  effected  through  an  open  thoracotomy,  and  this  method 
of  management  became  the  procedure  of  choice. 

3.  Hetained  foreign  bodies  2  cm.  or  larger  in  the  pulmonary  parenchyma  or  the  pleural 
cavity.  The  principal  indication  for  removal  of  these  objects  was  risk  of  an  infected  hemo¬ 
thorax  or  lung  abscess.  Possible  future  damage  to  the  lung  or  to  a  blood  vessel  was  also 
considered  an  acceptable  indication. 

4.  Shattered  rib  fragments  in  the  lung  or  pleural  cavity  or  large  fragments  that  had 
not  perforated  the  pleura.  Many  surgeons  came  to  believe  that  bone  fragments  in  the 
lung  were  of  much  more  serious  consequence  than  metallic  foreign  bodies.  They  were 
apt  to  be  long  and  spiky,  with  irregular  edges,  and  they  temded  to  penetrate  the  tissues 
and  to  forge  ahead  in  them.  After  a  time,  bone  fragments  often  became  necrotic,  and  an 
abscess  or  an  infected  hemothorax  was  a  possible  consequence.  Laceration  of  a  blood  vessel 
was  also  far  more  likely  from  contact  with  bone  fragments  than  from  contact  u'ith  metallic 
foreign  bodies.  The  preferable  technique  of  removal  was  thoracotomy  or  extrapleural  rib 
resection. 

•5.  Sucking  wounds.  If  intrathoracic  damage  of  any  consequence  was  suspected, 
thoracotomy  was  performed.  Otherwise,  simple  debridement  and  closure  was  usually 
all  that  was  necessarju 

6.  Tension  imeumothorax  due  to  an  air  leak,  as  in  broncho]fieural  fistula. 

After  these  indications  had  been  set  up,  the  treatment  of  thoracic  casualties  became 
considerably  more  conservative.  Toward  the  end  of  the  war,  however,  reports  from  general 
hospitals  were  to  the  effect  that  the  incidence  of  infected  hemothorax,  empyema,  and 
lung  abscess  was  higher  when  foreign  bodies  were  left  in  situ,  and  as  a  result,  more 
thoracotomies  began  to  be  performed.  In  the  374  wounds  of  the  chest  cared  for  by  the 


5tli  Auxiliary  Surgical  Group,  142  llioracotoiiiies  ^yere  perforiiieci  (38.00  i)ercent),  with 
12  deaths  (8,45  percent) . 

Hemothorax. — Heiiiothorax  was  recorded  as  present  in  20G  of  the  374  perforating  or 
penetrating  wounds  (70.14  percent)  and  was  stated  to  he  absent  in  24  cases.  It  was 
prol)al)ly  present  in  all  the  cases  in  which  no  statements  were  made  al)out  it.  Hemo- 
thoraces  varied  in  volume  from  200  cc.  to  2,500  cc.  In  the  absence  of  other  indications 
for  interference,  collections  up  to  300  cc.  were  left  in  situ.  Larger  collections  were  treated 
by  aspiration,  which  was  repeated  as  necessary.  Air  replacement  was  not  employed,  and 
no  fluid  was  used  except  for  a  small  amount  of  distilled  water  necessary  to  dissolve  the 
penicillin  (usually  40,000  units)  used  intrapleurally.  If  the  chest  continued  to  refill 
with  blood  after  adequate  aspiration,  operation  was  considered  to  be  indicated. 

Active  intrathoracic  bleeding  was  found  at  thoracotomy  in  50  wounds,  32  of  which 
were  caused  by  shell  fragments.  In  32  instances,  the  bleeding  was  from  the  lung  (in 
1  case  from  an  intercostal  vessel  also),  in  16  from  an  intercostal  vessel,  and  in  2  from  the 
internal  mammary  artery. 

The  case  fatality  rate  was  apparently  related  to  the  volume  of  the  hemothorax.  There 
were  2  deaths  in  the  40  cases  in  which  the  volume  ranged  up  to  500  cc.  and  12  in  the  78 
cases  in  which  it  ranged  from  2,000  to  2,500  cc. 

Tension  pneumothorax. — Tension  pneumothorax  occurred  only  32  times,  usually  in 
valvelike  suddng  wounds.  Treatment  consisted  of  sealing  the  wound  and  emptying  the 
pleural  cavity  by  aspirations.  If  the  collection  of  air  was  caused  by  an  actual  air  leak 
from  the  lung,  a  large  needle  or  stiff  catheter  was  introduced  into  the  pleural  cavity  via  the 
second  anterior  interspace,  and  water-seal  drainage  was  instituted. 

Injuries  of  the  lung.— It  was  the  practice  to  leave  small  lacerations  of  the  lung  un¬ 
sutured  unless  they  were  bleeding.  Larger  lacerations  were  repaired. 

In  one  instance,  pneumonectomy  had  to  be  done  for  severe  lacerations  of  both  the 
upper  and  lower  lobes.  Recovery  was  uneventful.  In  another  instance,  massive  intra- 
bronchial  hemorrhage  occurred  after  suture  of  a  large  laceration  and  reexpansion  of  the 
lung  by  positive  pressure.  The  patient  died  IxTore  the  bhx'ding  could  be  controlled.  Au¬ 
topsy  showed  that  it  came  from  the  laceration  and  made  it  clear  that  a  lobectomy  should 
have  been  done.  Roth  these  injuries,  however,  are  exceptions;  valid  indications  for 
radical  surgery  for  damage  to  the  pulmonary  parenchyma  were  extremely  uncommon. 

Cardiac  wounds. — Cardiac  injuries  were  encountered  4  times  in  the  374  wounds.  Two 
patienis  recov(n-ed  uneventfully,  om^  after  suture  of  a  laceration  of  the  left  ventricle  and 
one  after  suture  of  a  laceration  of  the  right  atrium  and  repair  of  a  perforating  wound  of 
the  lower  h)be  of  the  left  lung.  In  the  third  case,  autopsy  revealed  a  shell  fragment  in 
the  wall  of  the  left  ventricle,  which  had  lacerated  the  descending  ramus  of  the  left  coronary 
artery.  Roentgenograms  had  indicated  that  the  object  was  in  the  mediastinum.  In  the 
fourth  cas(‘.  autopsy  revealed  a  shell  fragment  25  by  15  by  10  mm.  in  the  right  ventricle. 
It  had  entered  the  superior  vena  cava  and  been  swept  down  into  the  ventricle,  lacerating 
the  tricuspid  valve  in  its  passage. 

Analysis  of  deaths. — Of  the  31  deaths  in  these  374  injuries,  6  occurred  in  gunshot 
wounds  and  25  in  shell-fragment  wounds.  Of  the  fatal  wounds,  14  were  on  the  right  side 
and  14  on  the  left;  3  were  bilateral.  In  one  of  the  bilateral  injuries,  death  occurred  sud¬ 
denly,  7  days  after  initial  wound  surgery,  from  a  secondary  hemorrhage  from  a  lacerated 
azygos  vein.  Another  patient  developed  bilateral  pneumothorax  and  died  of  anoxia  on 
the  third  postoperative  day. 

In  16  cases,  death  occurred  on  the  operating  tal)le  or  during  the  first  12  hours  after 
operation,  chiefly  from  shock.  In  these  16  deaths  were  4  caused  by  blast  injuries  and  1 
caused  by  a  skull  fracture. 

One  fatality  represented  a  serious  but  quite  understandable  error  in  diagnosis.  The 
patient  had  sustained  a  penetrating,  sucking  wound  of  the  left  chest.  According  to  the 
roentgenograms,  the  stomach  seemed  to  be  in  the  thorax.  When,  however,  the  patient 
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stated  that  as  a  boy  he  had  had  a  left  idirenieectoiay  for  tuberculosis,  the  surgeon’s  assump¬ 
tion  was  that  the  diaijliragm  was  elevated  because  of  the  previous  operation  and  that  the 
stomach  was  below  the  diaphragm,  not  above  it.  Surgery  was  therefore  limited  to  debride¬ 
ment  and  closure  of  the  chest  wall,  without  intrathoracic  exploration.  The  patient  did  not 
react  well  from  oi)eration  and  died  on  the  third  postoperative  day.  Autopsy  revealed  a 
congenital  diaphragmatic  hernia  of  the  stomach,  which  had  sustained  a  perforating  wound. 


Thoracoabdominal  Wounds 

Of  the  1C)5  casualties  with  thoracoabdominal  wounds  treated  by  the  surgeons  of  the  oth 
Auxiliary  Surgical  Group.  4  died  before  operation  could  be  started  or  were  so  obviously 
nioi'ibuiid  that  surgery  was  considered  futile.  On  the  other  hand,  the  high  case  fatality 
rate  from  shock  in  the  first  12-hour  period  after  operation  shows  that  surgery  was  not  with¬ 
held  merely  because  casualties  were  poor  risks. 

Basic  data. — Of  the  Ibo  thoracoabdominal  wounds.  ItS  were  on  the  left  sidt'.  of  which 
27  were  fatal ;  67  were  on  the  right  side,  of  which  12  were  fatal.  The  difference  in  the  case 
fatality  rates  reflects  the  anatomic  location  and  the  vulnerability  of  the  abdominal  organs 
on  the  two  sides. 

When  there  were  no  thoracic  injuries  of  conseipience.  the  case  fatality  rates  did  not 
differ  substantially  from  the  rates  in  the  total  series  (11  deaths  in  62  injuries  on  the  left,  6 
deaths  in  .’>6  injuries  on  the  right). 

In  most  of  the  injuries  (S4  percent),  the  wound  of  entrance  was  in  the  thorax.  In 
avulsing  wounds  and  through-and-through  wounds  caused  by  small  arms,  it  was  often  im¬ 
possible  to  tell  whether  the  course  of  the  missile  was  from  the  thorax  into  the  abdomen,  or 
vice  versa.  In  about  a  quarter  of  all  cases,  the  thoracoabdominal  wounds  were  complicated 
b.v  other  injuries. 

Resuscitation. — Many  casualties  with  both  thoracic  and  thoracoabdominal  wounds 
were  brilliant  illustrations  of  what  resuscitation  can  accomplish.  One  patient  with  a  tho¬ 
racoabdominal  wound,  whose  blood  pressure  and  pulse  (‘ould  not  be  obtained  when  he  was 
lirst  seen,  received  17  units  of  plasma  and  6  units  of  blood  in  the  10  hours  before  operation, 
lie  entered  Ihe  operating  room  with  a  pulse  of  110  and  a  blood  pressure  of  115/80  mm.  Pig. 

On  the  other  hand,  shock  was  sometimes  entirely  irreversible.  In  these  165  patients 
with  thoracoabdominal  injuries,  47  needed  intensive  replacement  therapy  because  of  their 
l)oor  condition  and  the  severity  of  their  wounds.  Six  of  the  forty-seven  received  22  percent 
of  all  th('  blood  and  80  percent  of  all  the  plasma  given  to  this  special  group.  They  were 
finally  deemed  operable,  but  all  six  died  of  shock  within  the  first  24  hours  after  operation. 

Pulmonary  injuries. — There  was  no  active  bleeding  in  any  of  the  68  lacerations  of  the 
lung  in  these  th(n*acoabdf)minal  wounds.  Suture  repair  was  effected  in  20  cases  in  which  a 
bronchopleural  fistula  already  existed  or  in  which  it  was  thought  that  one  might  develop. 
The  other  lacerations  were  left  alone.  The  chest  injury  usually  contributed  only  a  small 
amount  of  the  blood  aspirated  from  the  chest  at  operation.  INIost  of  it  came  from  injuries 
of  the  spleen  and,  in  .small  amounts,  from  injuries  of  the  stomach  and  the  small  intestines. 

Surgical  approach. — There  is  no  information  as  to  the  surgical  approach  in  25  cases  in 
this  series.  In  39  wounds,  22  of  which  were  on  the  left  side,  the  approach  was  by  the 
thorax.  In  44  wounds,  separate  thoracotomy  and  laparotomy  incisions  were  used,  thoracot¬ 
omy  being  the  initial  procedures  in  83  cases  and  laparotomy  in  11  cases.  In  the  remaining 
57  ca.ses,  36  of  which  were  on  the  left  side,  a  laparotomy  incision  was  used  and  no  intratho¬ 
racic  surgery  was  done. 

If  the  wounding  agent  was  a  shell  fragment,  thoracotomy  wa.s  the  preferred  mode  of 
approach,  dhie  reasoning  was  that  because  of  its  larger  size  and  its  tumbling,  rotating 
progn'ss,  such  a  missile  was  likely  to  create  a  gaping,  sucking  ^yound  of  the  chest  and 
diaphragm,  wluu-eas  a  diaphragmatic  wound  caused  by  small  arms  fire  veas  likely  to  be 
sealed  over.  If  the  wounding  agent  was  a  bullet,  the  thoracic  approach  was  preferred  only 
740 . 94 1'-— 05 - 
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if  there  ^yas  evidence  of  a  cardiac  or  vascular  injury,  a  severe  laceration  of  the  lung,  or 
herniation  of  abdominal  organs  through  the  diaphragm.  Otherwise,  a  laparotomy  was 
thought  to  be  (luicker  and  less  shocking  than  the  management  of  a  bullet  wound  through  a 
transdiaphragmatic  incision,  which  would  recpiire  enlargement  of  the  diaphragmatic 
perforation  to  permit  satisfactory  exploration  and  repair. 

As  a  rule,  the  transdiaphragmatic  approach  was  used  on  the  left  side  for  lYenetrating 
wounds  of  the  chest  at  the  level  of,  or  below,  the  seventh  rib  if  the  wound  was  caused  by 
a  imojectile  whose  course  was  in  an  almost  transverse  plane.  On  the  right  side,  the  same 
indications  were  used  if  it  was  certain  that  the  projectile  had  not  proceeded  to  the  region 
of  the  duodenum,  right  colon,  or  i)ancreas,  all  areas  to  which  approach  is  blocked  by  the 
right  lobe  and  main  bulk  of  the  liver.  AVounds  of  the  diaphragm  located  over  the  extra- 
peritoneal  surface  of  the  liver  could  not  he  repaired  by  laparotomy  alone ;  thoracotomy  was 
required  for  adequate  exi>osure. 

The  type  of  abdominal  incision  was  governed  by  the  course  of  the  projectile  and,  to  a 
lesser  extent,  by  the  degree  of  angulation  of  the  costal  margin  at  the  xiphoid  process,  A 
subcostal  incision  in  a  patient  with  a  wide  costal  flare  provided  exccdleiit  exposure  for 
repair  of  the  diaphragm  and  stomach  and  for  exploration  of  the  spleen  and  kidney,  with 
splenectomy  and  nephrectomy  if  necessary.  In  the  asthenic  individual,  a  rectus  incision 
provided  good  exposure  and  had  the  additional  advantage  of  simplifying  the  placement  of 
a  stab  wound  for  exteriori/.ation  of  an  injured  colon. 

Complications.— In  the  75  eases  in  which  the  liver  was  injured,  there  was  no  recog¬ 
nized  instance  of  either  hepatopleural  fistula  or  bile  empyema.  Drainage  in  wounds  of  the 
liver  wos  proportionate  to  the  severity  of  the  laceration.  Aadunies  up  to  1,500  cc.  on  the 
first  day  were  not  uiK^omnion,  and  some  wounds  were  still  draining  rather  large  amounts 
when  the  patients  were  evacuated. 

Drainage  from  renal  injuries  was  negligible,  and  it  was  concluded  that  a  stab  wound 
to  provide  for  either  urine  or  blood  was  probal)ly  unnecessary  unless  a  major  calyx  of  the 
renal  pelvis  was  involved. 

The  chief  complications  in  the  1G5  thoracoabdominal  wounds  were  as  follows: 

Two  bronchopleural  fistulas  developed  within  24  hours  of  operation  but  closed  spon¬ 
taneously  after  institution  of  catheter  drainage  through  the  second  interspace. 

Two  patients  with  atelectasis  were  successfully  treated  by  bronchoscopy.  Lesser 
degrees  of  atelectasis  prol)al)ly  occurred  and  went  undetected.  Two  patients  had  lobar 
pneumonia,  in  one  case  associated  with  an  early  empyema.  This  vras  the  only  instance  of 
empyema,  observed  before  evacuation, 

AA^ound  infections  were  uncommon  and  usually  not  serious,  but  three  wound  disruptions 
occurred,  one  of  which  was  fatal. 

Paralytic  ileus  was  present  in  most  cases,  sometimes  for  4  to  6  days,  in  extensive  in¬ 
juries  of  the  liver,  retroperitoneal  hematomas,  or  large  hemoperitoneum. 

Analysis  of  fatalities. — ^Autopsies  were  performed  in  21  of  the  30  deaths  in  this  series. 
The  fatalities  were  distrilmted  as  follows  : 

Eighteen  patitmts  died  of  shock,  fifteen  within  the  first  24  hours  after  wounding. 

Eight  patients  dic'd  of  acute  pulmonary  edema,  five  with  a  profuse  terminal  serohemor¬ 
rhagic  accumulation  of  fluid  in  the  bronchial  tree.  In  the  four  cases  in  which  autopsy  was 
performed,  the  fluid  was  found  to  originate  in  the  lung,  which  was  grossly  enlarged,  heavy, 
firm,  and  engorged  with  blood.  Alicroscopic  study  revealed  edema  :  acute  passive  conges¬ 
tion :  and  red  blood  cells  in  the  alveoli,  as  well  as  areas  suggestive  of  the  consolidation  of 
bronchopneTimonia.  In  three  of  the  four  cases,  the  surgeon  had  no  doubt  that  the  cardio¬ 
vascular  system  had  been  overloaded.  One  of  these  patients  had  received  a  unit  of  blood 
and  3  units  of  plasma  l^efore  operation,  and  4  units  of  blood  and  11  of  plasma  during  the 
operation.  Another  had  received  1.500  cc.  of  physiologic  salt  solution  and  2,000  cc.  of 
blood  in  Alsever’s  solution  over  2i/G  hours. 
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Five  patients  died  of  pnenmonia. 

Three  patients  died  of  i)eritonitis,  one  with  pneumonia. 

Two  deaths  occurred  from  overlooked  injuries.  One  patient  succumbed  to  a  rapidly 
spreading'  retroperitoneal  infection  from  a  missed  perforation  of  the  cecum.  Xhe  othei 
died  on  the  fifth  postoperative  day,  from  hemorrhagic  shock,  after  the  clot  in  a  missed 
perforation  of  the  inferior  vena  cava  became  dislodged. 

One  patient  with  extensive  laceration  of  the  liver  apparently  died  from  biliary 
peritonitis. 

One  death  was  caused  by  the  migration  of  a  shell  fragment,  which  was  dislodged  from 
the  inferior  vena  cava  and  traveled  to  the  right  pulmonary  artery,  where  it  acted  as  an 
embolus. 

One  patient  suffered  an  evisceration  of  a  perforated  stomach,  small  intestine,  and 
transverse  colon  through  a  7-by-G-cm.  avulsed  wound  of  the  left  lower  chest  laterally. 
After  operation,  his  blood  pressure  ranged  from  80  to  00  mm.  Ilg,  and  he  was  irrational  and 
almost  uncontrollable.  PI  is  condition  was  presumably  due  to  chronic  shock.  When  renal 
shutdown  was  part  of  the  picture,  as  it  was  in  this  case,  no  therapy  was  effective. 

Whether  fat  embolism  played  a  part  in  any  of  these  deaths  is  not  possible  to  say. 
None  of  the  microscopic  specimens  studied  in  the  21  autopsied  cases  were  positive  for  fat. 

KENNEDY  GENERAL  HOSPITAL  THORACIC  SURGERY  CENTER 
General  Considerations 

The  soundness  of  policies  of  early  management  of  combat-incurred  chest  wounds  could 
be  evaluated  by  a  study  of  the  case  fatality  rates  and  morbidity  rates  of  the  casualties  who 
survived  to  reach  forward  hospitals.  Similarly,  the  soundness  of  policies  of  management  in 
all  oversea  hospitals  could  be  evaluated  by  an  analysis  of  the  residual  status,  and  the  neces¬ 
sity  for  further  care,  of  the  casualties  received  later  in  hospitals  in  the  Zone  of  Interior. 
An  analysis  of  the  first  500  (of  an  ultimate  2,350)  casualties  with  combat-iiicurred  chest 
wounds,  received  in  the  thoracic  surgery  center  at  Kennedy  General  Hospital  after  it  had 
become  fully  operational  in  .June  1914,  provides  interesting  and  useful  data  of  this  kind. 

Before  these  data  are  accepted  absolutely,  however,  two  riualifying  statements  arc 
necessary : 

1.  It  is  only  fair  to  emphasize  that  in  a  comparative  analysis  made  retrospectively 
from  field  medical  records  and  forward  hospital  records,  it  was  not  always  easy,  or  indeed 
possible,  to  recognize  all  the  circumstances  that  confronted  surgeons  working  under  com¬ 
bat  conditions  and  that  might  have  influenced  their  decisions  concerning  therapy. 

2.  The  ligures  are  frequently  overlapping  and,  in  a  number  of  instances,  though  the 
records  provided  no  actual  proof,  it  was  thought  that  the  incidence  of  certain  injuries  and 
complications  was  probably  higher  than  the  stated  figures  indicated. 

The  material  for  this  analysis  was  obtained  by  a  careful  review  in  each  case  of  the 
field  medical  record,  the  records  of  previous  hospitalizations  overseas,  the  serial  roentgeno¬ 
grams  taken  during  the  course  of  treatment,  and  the  condition  of  the  patient  on  his 
admission  to  the  chest  center.  The  clinical  status  of  each  patient  was  thus  surveyed  from 
the  point  of  vantage  of  his  latest  hospitalization  and  in  the  light  of  his  previous  treatment. 
As  a  result,  it  was  possible  to  make  an  objective  evaluation  of  the  character  of  the  original 
injury,  its  initial  management,  the  subsequent  therapy,  and  the  complications  which  fol¬ 
lowed  special  woixnds  and  special  techniques  of  management.  The  composite  data  per¬ 
mitted  the  comparative  evaluation  of  surgical  versus  conservative  therapy,  forward 
thoracotomy  and  the  relation  of  morbidity  to  its  performance  or  omission,  the  use  or 
omission  of  drainage  in  the  closure  of  chest  wounds,  and  similar  routines. 


Had  a  review  of  the  last  500  patients  admitted  to  the  center  been  possil)h\  there  is  no 
donbt  that,  as  policies  overseas  had  become  stabilized  in  the  light  of  experience,  the  out¬ 
come  of  the  analysis  would  have  l)e(ai  quite  different. 

Basic  Data 

All  500  wounds  of  the  chest  included  in  this  surv(‘y  were  penetrating  or  perforating'. 
Wounds  limited  to  the  chest  wall  very  seldom  rt'ached  thoracic  surgery  centers  in  the  Zone 
of  Interior.  Small  arms  fire  was  responsible  for  only  a  few  injuries,  the  great  majority 
being  caused  by  bomljs  and  other  high  explosives. 

The  original  injuries  (the  figures  are  sonu'times  overlapping)  induded : 

211  retained  foreign  l)odies  of  significant  size. 

13C)  sucking  wounds. 

75  thoracoabdominal  wounds  or  combined  thoracic  and  abdominal  wounds. 

G2  pulmonary  lacerations. 

45  lu'onchopleural  fistulas. 

15  pulmonary  contusions. 

1)  tension  piuaimothoraces. 

S  blast  injuries. 

4  fractures  of  the  sternum. 

3  wounds  of  the  esophagus. 

2  wounds  of  the  trachea. 

2  wounds  of  the  pericardium. 

As  far  as  could  be  determined  from  the  records,  the  cln^st  wound  was  entirely  un¬ 
complicated  in  only  10  cases.  Complications  which  occurred  overseas  included: 

Hemothorax  in  455  cases.  In  151  of  these  cases,  the  hemothorax  became  infected,  and 
in  anothcu'  40.  it  la'cajiie  organized  without  infection. 

Subphrenic  abscess  in  12  cas(\s. 

rneunionitis  and  lung  abscess  about  foreign  bodies  in  11  cases.  The  same  complica¬ 
tions  developed  in  the  4  hematomas  of  the  lung  in  the  series. 

Hemoptysis  secondary  to  the  presence  of  a  foreign  body  in  <S  cases. 

Atx'lectasis  in  0  cases. 

I’ericarditis  with  effusion  in  S  cases. 

Inflected  costal  cartilage  in  7  cases. 

Bronchopneumonia  in  5  cases. 

Diaphragmatic  hernia  in  5  cases. 

Ihilmonary  infarction  in  3  cases. 

Esophageal  listuia  and  paraesophagc'al  abscess  in  3  cases, 
rericardial  tamponade  in  2  cases. 

Suppurative  pericarditis  in  2  cases. 

These  complications  (  again,  the  ligures  are  sometimes  overlapping)  were  managed  as 
follo\'\-s : 

l>raina.ge  of  empyema  in  151  cases,  in  40  of  which  secondary  drainage  was  also 
necessary. 

Thoracentesis  in  47  cases. 

Decortication  in  4b  cases. 

Drainage  of  subphrenic  abscess  in  12  cases. 

I’ericardial  aspiration  in  11  cases. 

Closure  of  bronchopleural  fistula  in  0  cases. 

Repair  of  diaphragmatic  hernia  In  5  cases. 

Resection  of  ribs  for  osteochondritis  in  4  cases. 

Drainage  of  suppurative  pericarditis  in  2  cases  and  drainage  to  relieve  pericardial 
tamponade  in  1  case. 
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When  these  500  patients  were  received  at  Kennedy  General  Hospital,  the  chest  wound 
was  healed  in  314  cases  (02.8  percent),  and  no  further  treatment  other  than  rehabilitation 
was  needed.  The  remaining  ISO  patients  i)resented  213  complications,  not  all  of  which,  as 
will  be  pointed  out,  developed  from  the  original  wound.  Some  of  them  were  the  result  of 
the  therapy  employed.  These  complications  included  : 

Retained  foreign  bodies  in  131  cases. 

Chronic  empyema  in  82  cases. 

Itronchopleiiral  fistula  in  30  cases. 

Dmining  sinus  in  20  cases. 

Plemothorax  in  21  cases,  in  12  of  which  the  process  was  of  the  organized  type.  These 
figures  should  also  be  evaluated  in  comi>arison  with  the  82  cases  of  chronic  empyema  present 
when  these  casualties  were  r(‘{‘eived  at  Kennedy  General  Hospital. 

Diapiiragmatic  hernia  in  4  cases. 

Esophageal  fistula  or  paraesophageal  abscess  in  3  cases. 

Pericardial  effusion  in  2  cases. 


Special  Types  of  Injuries 

Sucking  wounds.^ — ^The  130  sucking  wounds  listed  in  this  series  were  of  such  a  size  as 
to  re(iuire  immediate  closure  when  they  were  first  seen  in  field  or  evacaiation  hospitals.  A 
considerably  larger  number  of  patients  had  similar  wounds,  but  they  were  so  small  as  to  be 
of  no  clinical  significance.  They  resi)onded  promptly  to  packing  or  to  debridement  and 
primai-y  closure.  It  should  be  noted,  however,  that  infection  developed  in  almost  10  percent 
of  the  cases  in  which  the  wound  was  closed  primarily  without  drainage. 

In  larger  sucking  wounds,  it  was  the  practice  to  occlude  the  wound  temporarily  by 
packing  and  to  close  it  permanently  later,  wdien  debridement  was  done.  Thoracotomy  was 
done  at  this  time  in  78  of  the  156  cases. 

In  a  number  of  cases,  the  chest  wound  was  only  partly  closed  after  debridement,  and 
intercostal  water-seal  drainage  was  instituted.  The  records  shoAved  that  convalescence 
was  smoother  in  this  group  of  patients  than  in  any  otlnu*  patients  with  sucking  wounds. 

In  several  cases  in  which  a  bronchopleural  fistula  was  present  and  had  not  been  recog¬ 
nized.  tension  pneumothorax  developed  after  closure  of  a  sucking  wound. 

Thoracoabdominal  wounds. — In  this  series,  75  of  the  500  patients  had  sustained  in¬ 
juries  of  the  thorax  and  abdomen,  either  from  a  single  missile  that  perforated  the  dia- 
phragm  or  from  separate  perforations  of  the  chest  and  abdomen.  The  abdominal  organs 
injured  were,  in  the  order  of  freciuency,  the  liver  in  40  cases,  the  spleen  in  16,  the  stomach 
in  15.  the  kidneys  in  0,  and  the  small  intestine  and  colon  in  7. 

All  these  patients  had  been  treated  by  prompt  surgery,  but  the  order  of  the  procedure 
depended  upon  the  severity  of  the  chest  wound.  The  chest  injury  was  given  first  consid¬ 
eration  in  large  sucking  w’ounds,  tension  pneumothorax,  pericardial  tamponade,  or  rapidly 
develoi)ing  hemothorax  associated  with  shodc  and  not  relieved  by  conservative  therapy. 
Otherwise,  if  the  cardiorespiratory  physiology  was  not  seriously  unbalanced,  the  primary 
attention  was  devoted  to  the  abdomen. 

The  diagnosis  of  concomitant  abdominal  injury  was  frecjnently  difficult  when  the  mis¬ 
sile  had  entered  the  chest,  because  in  chest  Avounds  in  Avhidi  there  Avas  no  perforation  of 
the  diaphragm,  abdominal  pain,  tenderness,  and  rigidity  Avere  often  part  of  the  picture. 
T^rinalysis  Avas  ahvays  indicated  in  injuries  of  the  lOAver  chest,  to  determine  Avhether  or  not 
blood  Avas  pr(‘.sent.  Intravenous  pyelograms,  Avhidi  Avere  made  later  in  general  hosiiitals. 
occasionally  demonstrated  defects  in  the  renal  pehis  secondary  to  injuries  of  the  loAver 
chest. 

In  the  majority  of  cases  in  AAdiich  the  injury  resulted  from  a  single  missile,  exploration 
and  the  necessary  surgery  Avere  successfully  carried  out  through  a  transthoracic  approach. 
When  there  Avas  doubt  concerning  the  extent  and  location  of  the  abdominal  injury,  it  Avas 


FiGiJitE  1. — Posteroaiiterior  roentgenogram  showing 
large  foreign  body  in  contact  with  esophagus. 

the  general  policy  to  use  a  separate  abdominal  approach  because  it  permitted  more  extensive 
exploration. 

The  liver  apparently  tolei-ated  the  presence  of  metallic  foreign  bodies  quite  well.  At 
any  rate,  no  abscess  resulted  from  failure  to  remove  them,  though  biliary  drainage  followed 
the  injury  in  a  number  of  cases.  When  hepatic  injuries  were  explored  transpleurally,  l)Oth 
the  subphrenic  space  and  the  pleural  space  were  usually  drained.  When  this  precaution 
was  omitted,  bile  empyema,  which  oc(airred  in  14  cases,  and  subphrenic  abscess  were  both 
possibilities.  The  most  serious  instances  of  bile  empyema  occurred  when  the  vround  was 
closed  without  drainage.^ 

Intratracheal  anesthesia  was  employed  in  all  thoracoabdominal  injuries,  regardless  of 
the  surgical  approach.  The  reason  is  obvious :  If  a  tear  of  the  diaphragm  was  present, 
atmospheric  air  entering  from  the  abdominal  incision  could  cause  collapse  of  the  lung  on 
the  affected  side  or  even  t(msion  pneumothorax. 

Tracheoesophageal  injuries. — There  were  only  3  injuries  of  the  cervical  esophagus 
and  only  2  injuries  of  the  upper  end  of  the  trachea  in  these  oOO  patients,  but  there  were  3 
similar  injuries  in  the  next  300  patients  admitted  to  the  Kennedy  General  Ho.spital  chest 
center.  The  thoracic  esophagus  was  not  injured  in  any  case  in  the  series  studied,  even 
though,  in  a  number  of  instances,  ragged  shell  fragments  were  seen  by  roentgenograms  to 
be  lodged  in  the  posterior  mediastinum  close  to  it  (fig.  1).  The  high  immediate  case  fatal¬ 
ity  rate  resulting  from  the  hemorrhage  and  the  mediastinal  infection  commonly  associated 
with  injuries  of  this  hind  accounts  for  the  small  nundoer  of  patients  seen  with  them  in 
ZoiK'  of  Interior  hospitals. 

Three  of  the  live  patients  with  tracheal  and  esophageal  injuries  were  submitted  to 
immediate  tracheotomy,  and  four  had  gastrostomies  for  feeding  purposes  within  4  to  10 
days  after  wounding.  All  five  developed  fistulas  of  the  esophagus  associated  with  al)scesses, 
which  had  to  be  drained.  When  the  tracheotomy  tubes  were  removed,  from  2  to  3  weeks 
after  operation,  none  of  the  jmtients  had  any  difficulty  in  breathing. 

Two  patients  with  injuries  of  the  esophagus  developed  stri(‘tures  which  required  dilata¬ 
tion,  and  four  of  the  five  with  combined  injuries  of  the  esophagus  and  the  trachea  devel¬ 
oped  persistent  paralysis  of  the  recurrent  laryngeal  nerve.  Because  these  are  extremely 
serious  injuries,  the  eventual  outcome  in  these  cases  was  regarded  as  l)eiiig  as  satisfactory 
as  possible. 


•' Exporioneo  in  the  Modi  terra  no, an  theater  indicated  that  there  was  a  significantl.v  liiglier  incidence 
of  bile  empyema  when  the  diaphragm  was  closed  with  catgnt  rather  than  with  silk. 
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Figure  2. — Posteroaiiterior  roentgenogram  slio\yiiig 
Lipioclol  visualization  of  broiiehopleoral  fistula,  nar¬ 
row  empyema  track,  and  drainage  site  at  some  distance 
from  fistula. 

Bronchopleural  fistulas. — The  records  indicated  that  45  of  the  500  patients  in  this  series 
had  clinically  significant  bronchopleural  fistulas  immediately  after  sustaining  their  chest 
wounds.  The  chances  are  that  fistulas  were  also  present  in  a  number  of  other  cases  but  were 
so  small  that  they  required  no  special  treatment  and  gave  rise  to  no  difficulties. 

Thirty-six  i)atients  had  bronchopleural  fistulas  when  they  were  admitted  to  the  chest 
center  at  Kennedy  General  Hospital,  the  majority  secondary  to  their  original  injuries. 
Eight,  however,  followed  the  removal  of  foreign  bodies,  and  six  became  evident  only  after 
the  development  of  empyema.  In  other  words,  not  all  of  these  30  fistulas  were  part  of  the 
original  45  fistulas. 

All  patients  with  fistulas  observed  at  the  chest  center  were  studied  by  roentgenograms, 
after  the  introduction  of  iodized  oil,  to  determine  the  size  of  the  residual  empyema  space 
and  the  anatomic  relation  of  the  fistula  to  the  site  at  which  drainage  had  been  instituted 
after  thoracotomy  (fig.  2).  If  the  fistula  was  shown  to  be  at  some  distance  from  the  cutane¬ 
ous  wound  and  drainage  would  have  been  necessary  through  a  long,  narrow,  empyematous 
track,  healing  was  accomplished  more  rapidly  if  drainage  was  established  directly  over  the 
fistula.  AVhen  secondary  drainage  was  instituted,  exploration  often  showed  that  healing 
had  been  prevented  by  the  presence  of  necrotic  spicules  of  rib,  bits  of  clothing,  and  other 
foreign  bodies  embedded  in  the  pulmonary  tissue.  The  removal  of  these  objects  and  the 
excision  of  scar  tissue  about  the  fistula  were  usually  followed  by  prompt  healing,  though 
in  an  occasional  case,  these  measures  did  not  suffice  and  closure  of  the  fistula  had  to  be 
accomplished  by  means  of  a  muscle  flap. 

Retained  Foreign  Bodies 

As  the  incidence  of  immediate  and  delayed  comidications  shows,  the  major  problems 
in  the  management  of  injuries  of  the  chest  concerned  retained  foreign  bodies;  hemothorax 
and  pneumotho]*ax ;  empyema  ;  and  the  use  of  thoracotomy,  with  or  without  drainage,  in 
forward  areas. 


THORACIC  SURGERY 


Figi'ke  — Posteroiiiiterioi'  roeiilgenograin  showing 
pneninoiiitis  and  lil)rosis  associated  with  retained  for¬ 
eign  l)odies. 

Management  overseas. — Of  the  211  patitnits  observed  with  iiitrathoracic  foreign  bodies 
of  considerable  size  when  they  were  first  examined  after  wounding,  47  underwent  removal 
of  the  objects  at  the  primary  operation  and  33,  after  an  interval  of  several  weeks.  Many 
other  fragments  were  noted  in.  other  patients  when  roentgenologic  examination  was  carried 
out,  but  their  size  and  location  were  such  as  to  make  them  of  no  clinical  significance. 

Throughout  the  war,  differences  of  opinion  continued  to  exist  as  to  the  clinical  signifi¬ 
cance  of  metallic  foreign  bodies  and  the  indications  for  their  removal.  The  chief  reason  for 
removing  them  was  the  possible  development  of  hemorrhage  or  infection,  as  well  as  other 
complications,  but  the  incidem-e  of  these  manifestations  in  this  series  was  not  great.  In  the 
lt)4  cases  in  this  series  in  which  the  objects  were  not  removt^d  at  initial  wound  surgery, 
hemoptysis  occurr(‘d  later  in  8,  draining  sinus(‘s  dc'veloped  in  8.  lung  abscesses  in  7.  and 
pneumonitis  in  (i.  In  other  words,  there  were  no  untoward  manifestations  in  133  of  the 
164  cases  in  which  the  foreign  bodies  were  not  removed  at  initial  wound  surgery.  ^Atore- 
over.  practically  all  of  these  complications  developed  within  2  to  4  weeks  after  wounding. 

In  many  cases  in  this  series,  the  removal  of  the  foreign  l>odies  at  the  initial  operation 
was  part  of  the  procedure  of  debridement,  hemostasis,  and  repair  of  lacerated  lung  tissue. 
In  this  group,  the  removal  was  an  incidental  step  in  the  operation. 

In  other  instances,  however,  initial  wound  surgery  was  undertaken  primarily  for 
the  removal  of  the  foreign  body.  Tin*  objects  were  oft(m  hard  to  locate  in  newly  trauma¬ 
tized  tissue,  and  fresh  trauma  v'as  created.  Bronchopleural  fistulas  were  sometimes 
created  and  went  unrecognized.  If  the  injury  was  small,  the  chest  was  frequently  closed 
without  drainage.  As  a  result  of  these  various  circumstances,  the  incidence  of  postoper¬ 
ative  infection  in  this  group  of  patients  was  almost  30  percent. 

Generally  speaking,  infection  was  most  frequent  in  the  cases  in  which  dirt,  particles 
of  clothing,  and  similar  debris  entered  the  chest  with  the  foreign  body.  This  extraneous 
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FioriM-:  4. — Foreij-'u  bodies  in  contnet  with  ]nr,i>;o  blood  vessels.  A.  I’ostero- 
antei’ior  roent.u’eiioii'rnin.  It.  Same. 


material  was  more  likely  to  be  the  eauso  of  infection  than  the  metallic  ob.lect  itself. 
Forei.un  bodies  nnaccomi)anied  by  other  d(‘bris  were  iisnally  fonnd  at  operation,  as  previous 
roentiicnolo.uic  evidence  had  shown,  to  be  associated  with  snrprisinsily  little  reaction  and 
with  no  infection.  ObjtKds  in  contact  with  large  blood  vessels  were  practically  always 
well  micapsiilated  in  tibroos  tissiK'. 

Management  in  the  Zone  of  Interior.— Of  the  181  patitmts  who  entered  Kennedy  Gen¬ 
eral  Hospital  with  roentgenologic  evidence  of  metallic  foreign  bodies  still  in  situ,  only  ID 
harbored  missiles  consideroHl  of  clinical  significance  because  of  their  size,  shape,  location, 
or  clinical  manifestations.  Only  28  of  these  It)  objects  were  removed,  on  the  following 
indications : 

1.  Large,  irregular  shell  frjigments  lying  within  the  lung  parenchyma  were  removed 
without  hesitation,  particularly  if  there  was  an  associated  pneumonitis  or  fibrosis  (fig.  8). 

2.  Similarly,  no  hesitation  was  felt  about  removing  foreign  bodies  lying  in  the  mediasti¬ 
num  ill  contact  with  the  esophagus  (fig.  1)  or  with  large  blood  vessels  (fig.  4) . 

3.  Foreign  bodies  associated  with  lung  abscesses  (fig.  8)  or  empyema  were  removed 
at  the  time  the  necessary  drainage  was  instituted.  Four  patients  with  retained  foreign 
bodies  had  either  pneumonitis  or  lung  abscesses  when  they  were  admitted  to  the  center. 
All  four  had  draining  sinuses,  and  three  c'omplained  of  hemoptysis. 

4.  In  other  cases,  foredgn  bodies  causing  hemoptysis  or  intercostal  pain  were  removed 
whenever  it  could  be  demonstrated  that  they  were  directly  responsible  for  these  symptoms 
(fig.  (i).  In  most  such  cases,  the  onset  of  symptoms  occurred  shortly  after  wounding. 
There  was  no  evidmice  of  infection  or  other  reaction  in  any  case  in  this  series  in  which 
roentgenologic  examination  showed  no  abnormalities  for  2  to  3  months  after  wounding. 
This  was  not.  of  course,  an  infallible  rule :  In  one  of  these  cases  gross  hemoptysis  appeared 
a  year  after  injury.' 

o.  In  an  occasional  case  in  which  operation  was  not  otherwise  indicated,  the  object 
was  removed  because  of  the  psychologic  factors  of  fear  or  pain  on  the  part  of  the  patient. 


Attention  is  called  to  the  i^atient  observed  in  the  ^Mediterranean  theater  who  required 
I)nenmonectoiny  for  a  retained  foreign  liody  15  years  after  wounding. 
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iiGUJHA  — Jletaiiied  foreign  bodies  giving  rise  to  infection.  A.  Posho-oanterior  roent- 
genogra.iii  slvowing  lung  al:s<-{'ss  assotaated  willi  retained  olij(H*t.  At  oijeration.  cloUnng 
and  other  debris  were  found  in  the  abscess  cavity.  B.  Posteroanterior  roentgenogram 
showing  foreign  Ixtdy  partly  einlx'dded  in  lung  pareiichynia  and  protruding  into  empyema 
cavity. 

As  the  war  progressed,  the  t)olicy  at  the  Kennedy  General  Hospital  thoracic  surgery 
center  became  increasingly  conservative,  and  foreign  bodies  wova  removed  only  on  strict 
indic  ation.^.  Iho  i)ostwar  (‘xpcn’ienc'e  will  have  to  dettu'iiiine  the  late  possibilitic's  for  harm 
of  retained  forcagn  bodies  and  thus  establish  clear-cut  criteria  for  their  removal.  It  is 
unfortunate  that  plans  for  a  formal  followui)  of  imm  with  retained  shell  fragments  never 
came  to  fruition  (voL  I). 

TcHanus  toxoid  was  always  giA’cii  before  operations  for  the  removal  ot  foreign  bodic's. 
Otherwise',  tlu'  preoperative  and  postopc'rati ve  regimen,  including  the  use  of  pcmicallin,  wais 
the  same  as  for  other  thoracic  operations. 

Hemothorax 

Management  overseas.— Plemothorax  was  recorded  after  wounding  in  45.5  of  the  500 
patients  in  this  series.  01  percent.  In  many  cases,  it  was  present  in  association  with  other 
cc3nditions  of  serious  import,  such  as  sucking  wounds,  laceraiioiis  of  the  lung  tissue,  and 
retained  foreign  bodies. 

The  most  severely  injured  patients  in  tins  group  were  submitted  to  thoracotomy  in 
frontline  hospitals,  on  entirely  justilialde  indications.  In  many  other  cases,  however, 
casualties  whose  injuries  were  consideraldy  less  severe  were  also  submitted  to  thoracotomy, 
on  indications  that  wore  far  from  clear  cut.  The  effectiveness  of  the  method  of  treatment 
employed  in  each  case  is  best  determined  by  the  presence  or  absence  of  infection.  The 
figures  are  as  follows : 

Of  74  cases  treated  expectantly,  without  any  positive  therapy,  30  became  infected 
(40.54  percent).  In  34  cases,  the  hemotlioraees  w'cre  small  and  spontaneous  healing 
occurred.  Infection  occurred  in  0  of  the  12  cases  of  bronchopleural  fistula. 

Of  15G  cases  treated  by  thoracotomy,  75  (4S.0S  percent)  became  infected  (figs.  7,  8, 
and  9). 


Ficiri^E  8— Early  thoracotomy  without  draiiiaiiX'  in  pciietratium'  shcll-fra,i*-mcnt  woiuicl 
of  rimht  chest.  A.  Posteroaiiterior  roeiit.ueiiosiTam  showhi.a;  retaim'd  shell  fraiiineiit  and 
hemothorax.  B.  Same,  after  operation,  showin.ii'  pmuimothorax  se('ondary  to  l)ronchopleural 
fistula.  The  wound  was  closed  without  drainaiie.  and  tln^  resulting  emi)yema  had  to  be 
drained  on  three  occasions. 
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Of  225  cases  treated  by  repc^ated  llioraceiites('s.  only  88  (lO.SO  percent)  became  infected. 
If  the  18  cases  are  excluded  in  wliicli  aspiration  was  inadequate  and  only  tlie  212  properly 
treated  patients  are  considered,  tlie  proportion  of  infedion  falls  to  11. S  percent.  In  11 
cases  in  this  .^roup,  the  chances  of  ftood  results  ^vere  rcsluced  by  the  associated  broncho¬ 
pleural  fistulas. 

Of  the  11)  patients  whose  hemoihoraces  Ix'came  ora’anized,  20  had  either  had  no  aspira¬ 
tion  of  the  chest  or  only  a  single  aspiration,  and  7  had  been  aspirated  only  twice.  Nine 
had  been  treated  by  thoracotomy.  All  of  thest*  patients  underwent  decortication  overseas. 

Th(‘  comparative  figures  leave  no  doubt  of  the  soundness  of  thoracentesis  as  the  pre¬ 
ferred  method  of  treatment  in  cases  in  which  immediate  operation  is  not  indicated  for 
some  reason  other  than  the  presence  of  a  hemothorax.  The  circumstances  of  military 
nicxlicine  were  always  in  favor  of  the  simplest  method  of  treatimait,  in  this  instance  thora¬ 
centesis,  as  compared  to  jnore  complicated  methods,  in  this  instance  thoracotomy.  The 
necessity  for  (evacuation,  the  changes  of  medical  personnel  from  ec  lulon  to  echelon,  and  the 
complicat(ed  care  required  in  handling  thoracotomy  drainage  all  help  to  explain  the  liigher 
incidence  of  infection  when  thoracotomy  was  used  in  preference  to  thoracentesis. 

Management  in  the  Zone  of  Interior. — All  the  cases  in  which  decortication  was  done 
at  KeniH'dy  (h'ueral  Hospital  fiirtinw  confirmed  tlu'  advantages  of  this  operation  {fig.  10). 
It  i)roved  a  logical  means  of  devdoping  an  easily  obtainable  cleavage  plane  between  the 
fibrous  encasement  of  the  lung  and  the  adjacent  viscx'ra,  plcnira,  t^ericardium,  diaphragm, 
and  chest  wall.  When  tlu'  pt^el  was  si'pai-atcxi  from  these  structures,  reexpansion  of  the 
lung  occurred  promptly,  the  lung  tissue  herniating  through  the  line  of  incision  as  soon  as 
s('pa ration  was  completed. 

qiie  experience  at  this  C(mter  also  confirmed  the  general  opinion  that  the  best  results 
were  obtained  when  the  operation  was  dojie  betwcxm  4  and  (>  weeks  after  wounding.  If  the 
lung  was  allowed  to  rianain  collapsed  for  8  months  or  more,  some  fibrosis  of  the  parenchyma 
fr(‘quently  took  place,  and  rec'xpansion  after  operation  was  delayed, 

Tluo'e  is  no  doubt  that  d('cortication,  as  it  was  pradie-ed  in  M'orld  War  II.  was  ix'spon- 
sibl(‘  for  many  of  the  .good  results  ohtaiiuMl  in  casualticxs  with  chest  wounds  (fig.  11)  who, 
in  the  past,  would  have  become  invalids  from  chronic  fibrothorax. 

Empyema 

Management  overseas. — Of  the  151  patients  who  developed  empyema  in  association 
with  their  chest  injuries,  82  had  chronic  empycana  when  they  were  admitt(Hl  to  the  chest 
C('nter,  In  (>2  of  the  151  cases  (41.00  percent),  the  cause  of  the  ejiipyema  could  be  traced 
diri^ctly  to  the  circumstances  of  the  original  injury,  such  as  its  initial  severity,  the  extensive 
{‘ontaminalion  introduc(xl  by  the  missile,  an  associated  laceration  of  the  lung,  or  the 
presence  of  a  hronchoi)leural  tistula. 

In  the  remaining  89  cases,  the  d(‘velopment  of  the  empyema  could  be  i raced  wholly  or 
in  part  to  two  causes,  (f )  failure  to  carry  out  ade(iuate  aspiration  of  a  hemothorax  when 
no  other  surgery  was  necessary,  and  (2)  failure  to  provide  postoperalive  water-seal 
drainage  when  surgery  had  been  domx 

No  patic'iit  who  had  water-seal  drainage'  developed  an  empyema  (»f  any  clinical  signifi¬ 
cance'.  but  infection  resulte'd  in  31.4  percent  of  the  patients  who  had  been  submitted  to 
theeracotomy  without  postoperative  drainage  and  in  IS  percent  of  those  who  had  had  in- 
aeh'quate  thoracenteses  after  opewations  in  which  surgical  drainage  was  omittexl  (figs.  7,  S, 
and  0).  In  another  9.4  pewcent  of  the  cases,  the  thoracotomy  tube'  had  been  remove'd  too 
soon.  The  analysis  of  these  cases  thus  suggests  that  the  incidence  of  ('m])yenia  in  coml)at- 
incurred  chest  injuries  could  be  appreciably  reduced  if  thoracentesis  were  performed 
adequately  after  operation  and  if  adeepiate  water-seal  drainage  were  provided  in  all  cases. 


Figure  10. — Observations  at  decortication.  A,  Organized  liemotliorax 
after  evacuation  of  tibrinous  mass  from  pleural  space.  Note  organized 
til)rin  on  visceral  pleura.  B.  Easily  obtainable  plane  of  cleavage  Inlweeii 
fil.)rous  encasement  and  visceral  pleura.  C.  Keexpansion  of  lung  l).v 
positive  pressure  anestliesia  after  removal  of  fibrous  encasement. 


Drainage  was  carried  out  overseas  in  all  151  cases  of  empyema,  on  an  average  of 
weeks  after  tlie  infection  was  detected.  ^Secondary  drainage  was  necessary  in  1(>  cases 
In  tlie  first  montlis  of  the  war,  there  was  a  decided  tendency  to  perform  open  thoracotomy 
for  infected  hemothorax,  early  in  the  illness,  and  total  empyema  seems  to  have  followed 
this  mode  of  treatment  rather  freiiuently  (fig.  12).  Later,  this  policy  was  almost  entirely 
discontinued,  and  drainage  was  deferred  until  this  risk  no  longer  existed. 
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Figukk  11.— InfeettuI  organized  lieinotliorax  managed  by  decortication.  A.  Postero- 
anterior  roentgenogram  before  operation.  P».  Same,  showing  results  of  decortication. 


Management  in  the  Zone  of  Interior. — The  majority  of  patients  admitted  to  the  chest 
C('nter  with  chronic  empyema  had  booii  adequately  drained,  and  liealing  was  progressing 
well.  If  drainage  was  not  adequate,  secondary  drainage  was  instituted.  Most  of  the 
cavities  were  either  small  or  moderate-size. 

Adjunct  treatment  of  chronic  empyema  usually  consisted  of  continuous  suction  with  30 
to  50  cm,  of  negative  pressure.  Breathing  exercises  and  blow  bottles  were  also  employed, 
but  the  experience  was  that  rcexpansion  of  the  lung  was  more  apt  to  occur,  and  to  occur  at  a 
faster  rate,  when  suction  was  employed.  Dakinization  of  the  wound  was  also  employed  in 
a  few  cases.  Other  constituents  of  therapy  included  repeated  transfusions  of  blood  and 
plasma,  high-vitamin  diets  supplemented  hy  the  administration  of  vitamins  by  other  routes, 
and  general  hygienic  measures. 

As  time  passed,  it  was  found  that  empyema  secondary  to  hemothorax  could  be  treated 
by  decortication  with  practically  the  same  degree  of  success  as  could  be  secured  in  organized 
hemothorax  without  infection.  AYhen  this  metliod  of  treatment  came  into  use,  it  was  only 
an  occasional  patient  with  empyema  who  had  to  be  submitted  to  thoracoplasty. 

Thoracotomy  in  Forward  Hospitals 

Many  of  the  cases  in  this  series  proved,  as  has  already  been  intimated,  that  the  mere 
presence  of  a  penetrating  or  a  perforating  wound  of  the  chest  did  not,  in  itself,  constitute 
an  indication  for  thoracotomy  in  a  forward  hospital.  Many  operations,  in  fact,  designed 
to  stop  hemorrhage  or  to  prevent  infection  were  themselves  followed  by  these  and  other 
complications,  particularly  when  the  chest  was  closed  without  drainage. 

Of  the  500  patients  in  this  series,  156  were  submitted  to  debridement,  with  thoracotomy 
and  repair  of  injured  pulmonary  tissue,  within  24  to  48  hours  after  wounding.  Of  these, 
6  percent  developed  organized  hemothoraces,  and  76  (48.7  percent)  developed  infection. 
These  patients  fared  much  worse  than  the  225  iiatients  with  hemothorax  treated  by 
thoracentesis,  in  only  16.8  percent  of  whom  was  additional  treatment  necessary  because  of 
infection. 
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Since  cheinotliernpy  and  antibiotic  therapy  were  employed  routinely  in  both  the  gronp 
treated  conserya lively  and  the  surgical  group,  a  comparison  of  results  from  this  standpoint 
would  shed  no  light  on  the  incidcmce  of  infection  in  the  two  groups.  An  analysis  of  the  use 
or  omission  of  drainage  in  the  surgical  group,  however,  produces  some  useful  data  : 

In  addition  to  the  loG  patients  sulmiitted  to  tlioracadoiny  as  a  primary  procedure,  33 
other  patients  underwent  the  same  operation  at  a  later  time  overseas.  In  the.se  ISD  cases, 
drainage  was  instituted  in  81  and  omitted  in  108.  In  (>7  of  the  81  drained  cases  (82.7  per¬ 
cent),  healing  occurred  smoothly,  and  there  was  no  need  for  secondai’y  surgery.  The 
patients  who  became  infected  were,  for  the  most  part,  those  with  the  most  severe  injuries. 

In  contrast,  in  01  of  the  108  (‘ases  in  which  drainage  was  omitted  (.'G..'')  percent), 
secondary  operations  were  rerpiired.  Furthermore,  healing  in  the  undrained  group  covered 
an  average  of  14  weeks,  while  the  average  in  the  drained  .group  was  10  weeks. 

The  higher  incidimce  of  postoperative  infection,  the  greater  necessity  for  secondary 
surgery,  and  the  longer  convalescence  all  make  clear  that  a  thoracotomy  closed  without 
drainage  achieved  desirable  results  in  a  much  smaller  proportion  of  cases  than  a  thora¬ 
cotomy  .supplemented  by  adequate  drainage.  The  contrast  was  particularly  evident  in  the 
IG  patients  who  were  found  at  primary  thoracotomy  to  have  lacerated  lung  tissue.  When 
the  wounds  were  closed  without  drainage  and  operation  was  not  folio w(‘d  by  ade(iuate 
thoracent(‘sis,  many  of  these  patients  recpured  secondary  drainage  for  infection  (fig.  7). 

Other  considerations  also  suggested  that  routine  water-seal  drainage  after  thorac^otomy 
in  frontline  hospitals  was  a  far  safer  plan  than  closure  without  drainage.  The  conditions 
under  which  a  surgeon  had  to  care  for  the  wounded  in  the  combat  zone  usually  did  not 
permit  him  to  supervise  postoi)erative  care  except  for  a  brief  period.  It  was  therefore  not 
possible  for  him  to  supervise  personally  the  thorough  aspiration  of  a  hemothorax,  which 
was  essential  in  all  undrained  chest  cases.  Another  practical  consideration  vcas  that  water- 
seal  drainage  required  considerably  less  time  and  attention  than  repeated  thoracenteses. 
This  was  an  important  matter  in  a  busy  frontline  hospital. 

As  these  cases  indicated,  transportation  was  not  a  contraindication  to  water-seal 
drainage.  While  the  patient  was  en  route  to  the  rear,  the  thoracotomy  tube  could  be 
clamped  and  the  bottle  temporarily  disconnected,  or  a  flapper  type  of  drain  could  be  used, 
as  was  done  in  a  number  of  these  cases  in  which  results  were  excellent. 


Conclusions 

An  analysis  of  the  first  oOO  chest  injuries  received  at  the  thoracic  surgery  center  at 
Kennedy  (haieral  I-lo.si>ital  indicated  that  the  oversc'a  management  of  these  cases  was  gen¬ 
erally  good.  In  a  Zone  of  Interior  chest  center,  as  might  have  been  expected,  mortality 
is  minimal;  there  were  no  deaths  in  this  series.  Morbidity,  however,  is  a  matter  of  con- 
sefpn'uce.  This  study  suggests  that  it  can  be  reduced  by  the  following  policies: 

1.  Thorac(*ntesis  should  be  substituted  for  operation  in  the  management  of  hemothorax 
unless  other  indications  for  early  surgery  exist. 

2.  Thoracotomy  in  forward  hospitals  should  be  limited  to  such  clear-cut  indications  as 
sucking  chest  wounds,  tension  pneumothorax,  and  hemorrhage.  The  mere  existence  of  a 
chest  wound  is  not  an  indication  for  forward  surgery. 

3.  Thoracentesis  should  be  p(‘rformed  adecpiately  aft(‘r  operation,  or  adequate  water- 
seal  drainage  should  be  instituted. 
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Actlnoinijccs  hovis  (isracJi),  481-482 
Actinomycosis,  431-432 

Activation  of  latent  tuberculosis,  by 
wounding,  426-428 
Acute  fulminating  lung  abscess,  428 
Acute  gastric  dilatation,  145,  157 
during  catheter  aspiration,  227 
effect  of  cough  reflex  on,  212 
in  wet  lung,  217 

Acute  massive  atelectasis,  210-211 
ADA^rs,  E.,  197 
Adhesions : 

in  diaphragmatic  hernia,  191 
in  organizing  hemothorax,  250-251 
release  of : 

at  decortication,  288 
in  infolded  lung,  185-186 
role  of,  in  infolded  lung,  184 
Adhesive  pleuritis.  See  Infolded  lung. 
Adjunct  therapy : 
in  chronic  empyema,  551 
Sea  al-^o  Replacement  theraiiy;  Blood  re¬ 
placement;  Plasma  replacement;  ets. 
Administrative  considerations,  in — 
bronchiectasis,  424 
lung  abscess,  428-429 
postpneumonic  empyema,  430-431 
Admissions,  statistical  definition  of,  242 
Adrenalin : 

in  blast  injuries,  42 
sensitization  of  heart,  66 
Aeration  of  bronchi,  decrease  of,  in  wet 
lung,  211 

Afferent  pain  impulses,  219 
Age  factor,  in  thoracoabdominal  wounds, 
136 

Age  incidence,  of  bronchiectasis,  416 
Age  range,  in  followup  studies,  445 
Air  leaks,  demonstration  of,  18 
Air  replacement,  after  thoracentesis,  266- 
269,  536 


1  Unless  otherwise  specified,  all  entries  in  this  index  refer  to  injuries  and  diseases  of  the  chest 
and  their  management  in  World  War  II. 
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Airway : 

iDaintenaiice  of,  in  wet  lung-,  211) 
nse  of,  after  tlioracoalKloininal  surgery, 
12G 

aSoo  ftAs-0  Aspiration :  Tlioracentesis,  Tra- 
clie()))roncliial  tree;  etc. 

Aleutian  Islands,  403 
Als(wer*s  solution,  538 
Alveolar  bed,  decrease  of,  in  wet  Inng,  210 
Alveolar  capillaries,  oxygenation  of.  in  wet 
lung,  210 

Alveolar  responscc  in  wet  lung,  207-208 
Alveoli,  rupture  of,  in  blast  injuries,  30 
Anierbacli.  400 

Aineriean  Association  for  Thoracic  Surgery, 
237,  273.  280 

Amphibious  landings,  initial  wound  surgery 
in.  530 

Anaerobic*  ccdlulitis,  of  shoulder  region,  44 
Anacu-obic  infc'ction,  in  organizing  hemo¬ 
thorax,  247,  201 

Anastomosis,  in  intc'stinal  wounds,  118 
Anatomic  considerations,  in  thoracoabdom¬ 
inal  wounds.  100-108,  130,  537 
Anatomic  location  : 

influence  of.  in  sucking  wounds,  10 
of  fcu’eign  l)odies,  353-355 
Anatomy,  of  int<‘rcoastal  nerves,  115 
Anemia,  after  blood  replacement,  154 
Anesthesia.  241,  530 

development  of.  1x3  ween  AVorld  Wars,  302 
effect  of  lev(4  of,  in  thoracospiiial  wounds, 
47 

f(»r  decortication,  280 

inblast  injuries.  42 

in  l)ronchoscopic  aspiration,  220 

in  catheter  aspiration,  224 

in  etiology  of  w(*t  lung.  212-213 

in  intercoastal  lU'rve  block,  221 

in  myocardial  contusions,  08 

ill  thoracoabdominal  wounds.  113-114, 

no.  110 

ill  wounds  of  bronchi,  22 
site  of.  in  intercoastal  nerve  block,  221 
Anesthesiologist : 

duties  of.  at  decortication,  280 
rob*  of.  at  operation, 113 
AiU'Stlu'tic  eciuipment,  shortages  of.  113 
AiK'urysm  Is) .  430,  437,  430 
of  myocardium,  02 

Anginal  symptoms,  with  retained  foreign 
l)odi(*s,  88 

AngioI)lastic  prolift'ration,  240,  255 


Angiocardiographic  localization,  of  retained 
foreign  bodies,  408-400 
Angle,  of  au.'>^cultation,  44 
Anoxemia,  in— 

heinothoracic  empyema,  283 
wet  lung.  207n 
Anoxia  : 

as  cause  of  death,  530 
associated  with  pulmonary  transudation, 
151 

in  atelectasis,  105 
in  cardiac  wounds.  52 
in  wet  lung,  207n,  200,  210,  212,  214.  219. 
220,  234 

in  wniind  disruption,  174 
Anoxic  anoxia,  in  wet  lung,  210 
Anterior  chest  wall: 

disruption  in  wounds  of.  173 
wounds  of,  183 

Anterior  drainage,  in  li(*inotlioracic  empy¬ 
ema,  405 

Ant(‘rior  transpliieral  approach,  to  wounds 
of  heart,  00 
Antibiotic  therapy : 

attenuation  of  pleural  infections  by,  273 
in  organizing  hemathorax,  273 
negative  cultures  after,  283 
with  pi’imary  thoractomy,  553 
Anuria,  140 

in  pericardial  wounds.  00 
Anxi(*t.v.  in  tension  pneumothorax,  140 
Anzio  Bt'achh(‘ad.  23,  137,  181-183,  442 
Aorta  : 

foreign  bodies  in,  304 
migratory  foreign  hodi(‘s  in,  380 
wounds  of.  534 
Apical  collaicse : 

after  rib  resection  drainage.  270 
in  infect(‘d  oi’ganizing  hemathorax,  282 
Apical  suture.  378 

Appetite,  in  iK^niothoracic  empyema.  270 
Apprehension  : 

in  wet  lung.  212,  214 
over  retained  foreign  bodies.  325 
Ardo,  513 
Armies  : 

Fifth  T:.8.  Army.  113,  207,  442 
Sc'venth  I'. 8.  Army.  101,  442.  425,  502 
Army  Rc'coi-ds  Center.  443 
Arrhythmia — 

in  cardiac  (‘ontusions.  00,  08,  07 

in  cardiac  wounds,  52 

witli  retaiiu'd  foreign  bodies,  80 
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Arterial  oircailalioii,  migratory  foreign 
bodies  in,  391 

Arterial  eml)()lism,  of  foreign  body  to  innom¬ 
inate  artery,  390 

Arterial  insnliicieiK-y,  caused  by  embolic 
foreign  bodies,  3!)1 
Arteriovenous  ilstula(s),  46 

of  internal  mammary  artery,  450 
Ascending  aorta,  foreign  body  in,  (S5 
Aspliyxia.  in  sucking  wounds,  8 
Aspliyxiation,  in  sucking  wounds,  8 
Aspirating  wounds,  i^cc  Sucking  wounds. 
Aspiration : 

as  diagnostic  measure,  in — 
lumio thoracic  empyema,  206 
hemothorax,  263 
in  cardiac  tamjHuiade,  61,  02 
in  hemothorax.  154,  245,  302,  401,  404,  507, 
520 

in  infolded  lung,  184 
in  lacerations  of  lung,  402 
in  pericardial  wounds.  04 
in  presumed  hemothorax,  45 
in  spontaneous  iiontuberculous  pneumo¬ 
thorax,  432 

in  thoracoabdominal  wounds,  112 
in  traumatic  pleuritis,  4 
in  wet  lung,  217 
of  gastric  contents,  157,  222 
bronchoscopy  for,  228 
pneumonia  as  cause  of  death,  534 
associated  with  actinomycosis,  431 
Sea  aJ.^o  TImracentesis ;  Tracheobronchial 
tree ;  etc. 

Aspiration-instillation  therai>y,  of  postpneu- 
monic  empyema,  430-431 
Assignment,  of  thoracic  surgeons,  102,  400 
Astma,  resemldance  of  wet  lung  to,  214 
Atabrine,  410 
Atelectasis : 

after  lol)ectomy,  419,  420 
after  removal  of  retained  foreign  bodies, 
349 

after  thoracoabdominal  operation,  129 
antecedent  to  pneumonitis  (pneumonia), 
159 

as  cause  of  death,  533 

in  thoracoabdominal  wounds,  140 
differentiation  of,  from  hematoma  of  lung, 
100.  496 

in  crushing  injuries,  30 
in  diaphragmatic  hernia,  193,  190 
in  head  injuries,  46 


Atelectasis— Continued 

ill  thoracoabdominal  wounds,  538,  .542 
in  untreated  wet  lung,  210 
in  wet  lung,  210.  228,  235,  502 
incidence  of,  210-211,  232 
management  of,  at  decortication,  294 
relation  of  wet  lung  to,  210-211 
subsequent  to  wet  lung,  208 
with  retained  foreign  bodies,  349 
Atrium,  wounds  of,  530 
Atrophy,  of — 

extracostal  musculalure  in  doted  hemo¬ 
thorax,  205 
optic  nerve,  31 
Atropine — 

before  Itronchoscoiiy,  120 
in  blast  injuries,  42 
in  pulmonary  edema,  102 
in  wet  lung,  231,  235 
Aty ideal  pneumonia,  410-417 
Auburn,  473 
Auricle : 

control  of  hemorrhage  from.  92-93 
contusions  of,  07,  09-70 
exposure  in  wounds  of,  90 
foreign  bodies  in,  88,  353,  354 
lacerations  of,  09-70,  92-93 
migratory  foreign  bodies  in,  390-391,  393 
removal  of  foreign  bodies  from,  373-374 
wounds  of,  58,  71-72,  89,  99 
Auricular  fibrillation,  after  cardiac  surgery, 
95 

Auricular  hemorrhage,  death  fi*om,  89 
Auscultation,  in  wet  lung,  215 
Austria.  442 
Au  1'  o  t  r  a  n  sf u  sif)n ,  53  2 
Auxiliary  surgical  groups: 

2d— IS,  20,  21,  24,  27,  31,  32,  42.  40,  49, 
51,  52,  05,  72,  87,  85.  89,  91,  93.  94,  90,  101, 
102.  103,  110.  112  114  117.  119,  120,  121, 
125,  120,  129,  136-141.  148,  149,  171, 
175,  178,  180,  197,  300,  308-310,  348-351, 
442,  529-534 
5th— 529,  534-539 
A-V  nodal  rhythm,  379 
Avulsing  wounds,  537 
Avulsion,  of — 

diaphragm,  103,  120 
pulmonary  repair,  170 
Axillary  vessels : 
ligation  of,  45-46 
wounds  of,  45 
Azochloramid,  320 
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xVzygos  vein : 

foreign  bodies  adjacent  to,  394 
hemorrhage  from,  65 
laceration  of,  153,  536 
wounds  of,  244 

Bacterial  endocarditis,  356 
Bacterial  theory,  of  organizing  hemothorax, 
246-247 

Bacteriologic  studies,  in  tuberculoma,  426 
Bacteriology : 

effect  of,  on  clinical  course  in  organizing 
hemotliorax.  262 
of  actinomycosis,  431 
of  empyema,  246-247 
of  hemothoracic  empyema,  2.S3 
of  hemothorax,  273 
of  infected  lieniothorax,  23S,  2S2-2S3 
of  intracardiac  foreign  bodies,  356-357 
of  lung  aliscess,  177 
of  organizing  liemothorax,  261-263 
of  pneumonia,  533 
of  postpneumonic  (‘mpyema.  430 
of  retained  foreign  bodies,  340,  380,  410, 
411,  412 

Ball-valve  effect  of  foreign  body  in  heart, 
SO 

Bandaging  in  wound  disruption,  174 
Barack,  A.  L.,  220 

Barliiturate  administration,  before — 
catlu'ter  aspirati(tn,  224 
intercostal  nerve  block,  221 
Bare  area,  of  liver,  101 
Barnes  General  Hospital,  405 
Basal  empyema.  aft('r  dec-ortication,  406 
Basal  pulmonary  collapse,  after  rib  resec¬ 
tion  drainage.  276 

Base  hospitals.  SV'c  Hospitals,  base. 
Battalion  aid  stations: 
deaths  in,  1.53 

emergency  occlusion  of  sucking  wounds 
in.  0.  140 

overhydration  in.  213 
Battey  General  Hospital,  401 
Battle  Creek.  416 
Battle  of  Bulg(',  502 
Battlefield  deaths,  from — 
cbylothorax,  175 
hemorrhage,  153 
pericardial  tamponade,  65 
ti’acheobroncbial  wounds,  21 
wounds  of  lung,  17 

wounds  of  major  pulmonary  vessels,  18 
Battlefield  occlusions,  of  sucking  wounds,  9 


Beach  installations,  initial  wound  surgery 
in,  530 

Bechic  blast,  212 
Beck,  C.  S.,  65,  66,  89,  90,  91 
Behavior  of  heart,  during  cardiac  surgery, 
375-370 
Becc,  R.  I).,  5 
Berman  locator,  408 

Betts,  Bt.  Col.  R.  H.,  44,  141,  183,  207n,  529 
Biffontaine,  468 
Bi(;gkr,  I.  A.,  60,  91 
Bilateral  bronchiectasis.  418,  420 
Biliary  drainagxc  in  wounds  of  liver,  189,  542 
Biliary  empyema,  110,  118,  119,  129-130,  542, 
542 11 

in  lacm’atioiis  of  liver,  129 
in  thoracoabdominal  wounds,  119,  123,  538 
in  wounds  of  livta*.  109,  129 
Biliary  peritonitis,  133,  529 
Biliary  pleural  tislula,  118,  122 
Bishopstrow,  381 

Bizarre  courses,  of  missiles,  108-109 
Bizerte,  240,  441,  460,  465 
Blades,  Col.  B.,  197,  400,  405,  416,  424,  428- 
429,  432,  436,  523 
Beaxi).  Bt.  Col.  IV.  B.,  56 
Blast  injury (ies),  32-43,  140,  44(;,  524,  526, 
536,  540 

as  cause  of  death,  534 
clinical  asiiects  of,  34,  39-41 
diagnosis  of,  41,  43 
followup  studies  in,  473-476 
hemothorax  with,  246 
in  cardiac  contusions,  66 
incidence  of,  32-33 
management  of,  41-42 
mechanism  of.  37-38 
pafhohtgic  process  in,  34,  38-39 
rupture  of  eardrums  in,  41 
statisti(‘s  of,  32-33 
Blood: 

clotting  of,  ill  pleural  cavity,  237-238 
eff’ect  of,  in — 

pleural  cavity,  244-245,  255 
wet  lung,  210 
in  gastric  contents,  109 
shortages  of,  for  replacement,  531 
supply  of  lung,  17,  496,  526 
experimental  blockage  of,  17n 
Blood  banks,  530 
Blood  pressui-e,  in— 
hemorrage,  154 
right  heart  failure,  162 
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Blood  repliicemeiit,  o31-532 
after  decortication,  298 
after  tlioracoabdoiniiial  surgery,  126 
at  operation,  113,  114 
before  deeorti(;atioii,  2SS 
before  lobectomy,  41S 
during  decortication,  289 
excess  of,  213 
in  wet  lung,  229 
in  cardiac  tamponade,  89 
in  chronic  empyema,  551 
in  hemorrhage,  154,  155 
in  heiimthoracic  empymea,  276 
ill  lung  abscess,  178 

ill  thoracoabdominal  wounds,  112, 139,  537, 
538 

provision  for,  530 
statistics  of,  531-532 
>8rc  ((h^o  Replacement. 

Blood  vessels,  laceration  of,  by  bone  frag¬ 
ments,  535 

Blood  volume,  reduction  of,  in  hemothorax, 
263.  267 

Bloodh'ss  phlebotomy,  162 
Blow  botth'S,  in — ■ 
ateleclasis,  164 
clironi(‘  empyema,  551 
Blowing  wound.  Ncc  Sucking  wound. 
Blunt  trauma,  to  clucst,  05  06 
Boeck's  sarcoid,  438 
Bone  fragments  : 

as  indi(‘atioii  for  primary  thoracotomy, 
532,  534 

as  retained  foreign  bodies,  325-320 
indications  for  removal  of,  117 
management  of: 

at  dei'ortication,  295 
in  sucking  wounds,  10 
trauma  from.  12,  325-320 
Bone  iiijurii'S,  in  Zone  of  Interior,  400 
Bony  (‘ag(\  conservation  of,  at  surgery  for 
foreign  bodies.  309 

Bony  structures,  in  repair  of  chest  wall 
di'fects.  412 

Boolh1)y-Lovelace-Bulbulian  mask,  217,  229 
B»oothby-T.ovela(‘e-Bulbulian  mask,  217,  229 

Bradycardia,  in  cardiac  wounds,  52 
Brain,  wounds  of,  140 
Brain  abscess,  534 

as  complication  of  empyema,  285 


Breath  sounds,  in — 
blast  injuries,  40 
infolded  lung,  185 
wet  lung,  214 
Breathing  exercises — 
after  decortication,  300 
in  chronic  empyema,  47,  185,  281,  300,  418, 
551 

Bkuwer,  Lt.  Col.  B.  A.,  Ill— 19,  45,  79,  208, 
209,  224,  441-442,  443n,  529 
Bkioiit,  E.  E.,  66 

British  experience,  with  sucking  wounds,  9 
British  Isles,  32 

British  practices,  in  cardiac  surgery,  95 
Bronchi,  carbon  dioxide  in  air  from,  in  suck¬ 
ing  wounds,  7 

Bronchial  arteries,  foreign  bodies  in,  79n 
Bronchial  asthma,  85,  214,  216 
Bronchial  breathing,  in  wet  lung,  215 
Bronchial  dilatation : 

after  acute  respiratory  infections,  410- 
417 

differentiation  of,  from  bronchiectasis, 
410-417 

Bronchial  drainage,  wound  disruption  with 
omission  of,  173 

Bronchial  iiiB'ction,  in  wet  lung,  215 
Bronchial  musculature,  function  of,  208 
Bronchial  obstruction : 
atelectasis  after,  266 
in  wet  lung.  228 

secondary  to  rdained  foreign  bodies,  416 
Brondiial  pneumonia,  antecedent  to  em¬ 
pyema,  274 
Bronchial  spasm — 

after  experimental  trauma,  209-210 
in  wet  lung,  222 

Bronchial  tre(\  dfect  of  nerve  block  on,  222 
Bronchiedasis,  415-424,  524 
afl('r  wet  lung,  502 
associated  with  actinomycosis,  431 
clinical  picture  in,  416 
diagnosis  of,  410—417 
incidence  of,  415-410 
lol)ectomy  for,  417-419 
management  of,  417-419 
pathologic  process  in,  416,  417 
rationale  of  lobectomy  in,  416,  417-418, 
421 

Bronchiolar  response,  in  wet  lung,  207-208 
Bronchiolar  spasm,  after  trauma.  209 
in  Idast  injuries,  42 
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Broncliitis : 

after  expo.snre,  213 
after  vrot  luiiii',  302 
aiitee(‘clcait  to — 
atelectasis,  1(33 
piieiiinoiiia,  170 
with  atelectasis,  1G5 
woniid  disruption  with,  173 
Broncliobiliary  fistula,  110,  131 
Broncho, i>enic  careinoina,  433 

after  separation  from  service,  524-525 
differentiation  of,  from  tuliercnloma,  426 
Broncho.uenic  cysts,  432,  437,  430 
Brcmchography,  in  lironcliiectasis,  416,  417, 
418 

Bronchopleural  fistula,  18,  145,  160-173, 
240n,  300,  525,  535,  537,  540,  541,  543, 
540 

after  decortication,  300,  308,  300 
after  lobectomy,  420 

after  removal  of  retained  foreign  bodies, 
340 

after  thoracoalKlominal  sur,gery,  120 
associated  with — 
foreign  bodies,  320 
hemothoracic  empyema,  406 
caused  by  removal  of  foreign  bodies,  544 
complicating — 

clotted  hemothorax,  300 
compound  fractures  of  ribs,  16 
foreign  bodies,  348,  526 
hemotlioracic  empyema.  266,  309 
infected  hemothorax,  546 
massive  pulmonary  gangrene,  178 
organizing  hemothorax,  288 
sucking  wounds,  11,  541 
thoracoabdominal  wounds,  538 
wet  lung,  215,  223 
in  Zone  of  Interior,  400,  401 
management  of,  170-173 

at  decortication,  280,  284,  280,  290,  294, 
295,  319 

recurrence  of,  171 
wedge  resection  for,  18 
wound  disruption  with,  173 
Bronchopneumonia,  540 
in  pericardial  wounds,  96 
in  thoracoabdominal  wounds,  538 
Bronchopulmonary  infection  : 

differentiation  of  actinomycosis  from, 
431 

persistence  of.  524 
sucking  wound  superimposed  on,  460 
Bronchopulmonary  suppuration,  525 


Bronchoscopic  aspiration  : 

ill  wet  lung.  207n,  223,  227-229 
techniques  of,  229 
Bronchoscopy : 

after  decortication,  289 
after  lobectomy,  419 
at  end  of  operation,  113,  213 
diagnosis  of  hematoma  of  lung  by,  166 
in  actinomycosis,  431 
in  atelectasis.  164,  165,  528 
in  bronchiectasis,  416,  417 
in  head  in.iuries,  46 
in  thoracoabdominal  wounds,  125 
in  tulierculoma.  426 
in  wet  lung.  112,  179,  234 
ill  wounds  of  esophagus,  28 
Bronchospasni : 
after  trauma,  209-210 
in  wet  lung,  214,  231 

Broiichospirometry,  in  liroiudiietasis,  416, 
421 

Bronchovascular  markings,  increase  of,  523 
Bronchus  intermedius : 

erosion  of  foreign  body  into,  84n 
rupture  of  subphrenic  abscess  into,  130 
malignant  neoplasms  of,  433 
wounds  of,  18,  19-20,  21-24,  149,  468.  532 
Brooke  General  Hospital,  406 
Bundle  brandi  block.  376 
BuiinAXK,  Ma.i.  B.,  207,  208.  529 
BuiiFoim,  Maj.  T.  H.,  IS,  32,  129,  171,  175, 
177.  178.  186,  207,  208,  239.  244,  278,  506, 
529 

BriiKK,  Lt.  Col.  .J.,  108.  175 

Calcification,  in  organizing  hemothorax,  259 
Caloexpek,  Brig.  Gen.  G.  R.,  37 
Capabilities,  of  thoracic  surgeons,  102 
Capillary  extension,  in  organizing  hemo¬ 
thorax.  249,  256,  287 
Captive  lung,  507,  ,526 

Carbon  dioxide  content  of  air,  in  sucking 
wounds,  8 

Carbon  dioxide  inhalations,  in — 
atelectasis,  164 
wet  lung,  2,32 

Carlion  dioxide  saturation,  in  Idast  injuries, 
38 

Carcinoma, — 

bronchus,  associated  with  actinomycosis, 
431 

esophagus,  433-436 
lung,  433-436 
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Cardiac  blood  flo^Y,  obstruction  of,  378 
Cardiac  chambers : 
foreign  bodies  in,  94 
penetrating  wounds  of,  63 
rupture  of,  after  experimental  trauma, 
66 

Cardiac  complications,  in  bronchiectasis,  41S 
Cardiac  contusions,  management  of,  67-69 
Cardiac  deaths,  534 

responsibility  for,  98-99 
Cardiac  disease: 

exclusion  of.  in  wet  lung,  216 
pulmonary  edema  in,  229 
Cardiac  effect,  of  mediastinal  flutter,  8 
Cardiac  embarrassment,  in  tension  pneumo¬ 
thorax,  151 
Cardiac  emboli,  63 
Cardiac  fibrillation,  534 

Cardiac  involvement,  in  thoracoabdominal 
wounds,  103 

Cardiac  irregularity,  in  blast  injuries,  474 
Cardiac  irritablity,  at  operation,  370,  379 
Cardiac  neurosis.  366 

Cardiac  pain,  from  retained  foreign  bodies, 
89,  391 

Cardiac  shift,  in — 
atelectasis.  164 
hemothorax,  267 
tension  pneumothorax,  151 
Cardiac  standstill,  456 

Cardiac  surgery,  abnormalities  after,  94-96 
techniques  of,  89-93 

Cardiac  tamponade,  58-63,  72,  97,  99,  373, 
534 

as  cause  of  death,  in  thoracoabdominal 
wounds,  140 
at  operation,  91 
diagnosis  of,  59-61 

from  laceration  of  superior  vena  cava,  85 
replacement  therapy  in,  89 
Cardiac  wounds : 

associated  with  abdominal  injuries,  537- 
538 

pathologic  process  in,  63-64 
Cardiophrenic  sulcus,  reestablishment  of, 
at  decortication,  294 
Cardiorespiratory  disturbances,  541 

as  cause  of  death,  in  thoracoabdominal 
wounds,  140 

in  thorabdominal  wounds,  139 
in  wet  lung,  219 
replacement  therapy  in,  213 


Cardiorespiratory  imbalance,  in  tracheobron¬ 
chial  wounds,  21 

Cardiorespiratory  pathophysiology,  525 
in  crushing  injuries,  80 
Cardioresi)iratory  reserve,  in  bronchiectasis, 
418 

Cardiorespiratory  stabilization,  399 
in  sucking  wounds,  9 
in  thoracoabdominal  wounds,  111-112 
Cardiorrhaphy,  70 
Cardiospasm,  439 

Cardiotomy,  for  removal  of  foreign  bodies, 
354-355 

Cardiovascular  effect  of  mediastinal  flutter, 
8 

Caktek,  Col.  r».  N.,  400,  405.  416,  424,  428 
Cartilages,  infection  of,  180-181 
Case  fatality  rates — 

for  2d  Auxiliary  Suygical  Group.  533 
for  5th  Auxiliary  Surgical  Group,  535 
in  concomitant  wounds,  533 
in  decortication,  306 
in  diaphragmatic  hernia,  186 
in  ecchymotic  mask,  31,  32 
in  lung  abscess,  175 
in  malignant  neoplasms  433 
in  relation  to  timelag,  in  thoracoal)dominal 
wounds.  137 

in  retained  foreign  bodies,  353 
in  thoracoabdominal  wounds,  136, 138-139, 
537 

in  tracheoesophageal  wounds,  542 
in  wet  lung,  207,  232 
in  World  War  I,  240 
in  wounds  of  heart,  96 
of  drainage  in  empyema,  280 
of  lol)ectomy,  420 

of  primary  thoracotomy,  532,  .53.5-536 
of  rib  resection  drainage,  308.  310 
See  also  iVIortality ;  Statistics ;  etc. 

Case  finding  methods,  in  tuberculosis,  424 
Case  histories : 

aspiration,  in  hemothorax.  311 
atelectasis,  after  lobectomy,  420 
bile  empyema  and  subphrenic  abscess, 
130-131 

blast  injury,  42-43,  474-476 
bone  fragments  as  foreign  bodies,  518-.522 
bronchopleural  fistula,  171-172 
cardiac  dislocation,  at  operation,  376-378 
cardiac  tamponade,  61-63 
(*ardiac  wound  with  myocardial  dysfunc¬ 
tion,  90 


56-2 

Case  histories— -CoiitinuecT 
cerebral  edema,  after  lobectomy,  420 
cerebrovascular  accident,  after  lobectomy, 
420 

chronic  heniothoracic  empyema,  405 
coronary  occlusion,  after  cardiac  surgery, 
95 

crushing  injury,  140 
decortication  : 

after  failure  of  delayed  thoracentesis, 
321-322 

after  rib  resection  drainage,  312-313, 
310-321 

in  chronic  hemothorax,  402 
in  clotted  hemothorax,  311-312 
in  heniothoracic  empyema,  313,  316-317 
in  infected  hemothorax,  314-315,  317- 
310 

in  infected  hemothorax  and  pulmonary 
necrosis,  323-324 

in  organizing  hemothorax,  278,  402 
delayed  aspiration,  in  hemothorax,  401-402 
diagnostic  pneumoperitoneum,  342-344 
diagnostic  pneumothorax,  337 
diaphragmatic  hernia,  ISG,  101,  103,  196 
embolic  foreign  body,  in  heart,  356 
evisceration  in  thoracoabdominal  wound. 
530 

fatality  after  removal  of  foreign  body  in 
lung,  304-305 

fluoroscopic  localization  of  foreign  bodies, 
336 

foreign  body  (ies) ,  in — 
ascending  aorta,  85 
heart,  356 

hemothorax  in  sucking  wound,  508-513 
hernia  of  lung,  100 
intercoastal  aneurysm,  45 
intrathoracic  complications  in  wounds  of 
chest  wall,  4 
laceration  of : 
innominate  vein,  153 
lung,  536 

with  sucking  wound,  463-468 
subclavian  artery  and  innominate  vein, 
155-156 

subclavian  vein,  153 
superior  vena  cava,  85 
lobectomy,  for  pulmonary  tuberculosis, 
425 

localization  of  foreign  body  (ies),  332,  337. 
338 
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Case  histories — Continued 

massive  empyema  comi)licating  foreign 
bodies,  347-348 

massive  hemorrhage  from  bronchus,  155- 
156 

massive  pulmonary  hematoma,  406-501 
mediastinal  abscess,  178 
mediastinal  foreign  bodies,  345 
mediastinal  wounds,  468-473 
migratory  intravascular  foreign  body 
(ies),  78-81,  7Sn,  82-84,  357-304,  381- 
387,  380-300,  536 

mismanaged  thoracoabdominal  wound, 
135-136 

multiple  indications  for  removal  of  intra¬ 
cardiac  foreign  body,  367 
multiple  left-sided  thoracoabdominal  in¬ 
juries,  133-135 
myocardial  contusions,  68 
myocardial  damage  with  intracardiac  for¬ 
eign  body,  365-366 

myocardial  laceration  and  (‘ontusion,  98- 
90 

noncombat-incurred  hemothorax,  403 
perforating  wound  of  congenital  diaphrag¬ 
matic  hernia,  536-537 
pericardial  foreign  body,  375 
pneumonectoni.v,  for — 
laceration  of  lung,  536 
lung  damage,  iO 
postasi>iration  bleeding,  269 
postpiieumonic  empyema,  430 
profile  position  in  localization  of  foreign 
bodies,  337 

pulmonary  lobectomy,  10 
purulent  ijeriCfOrditis  with  retained  for¬ 
eign  body, 95-06 

recurrent  empyema  after  decortication, 
309-310 

removal  of  foreign  body,  320-332 
repair  of  wound  of  esophagus,  27 
resolution  of  hematoma  of  lung,  160 
retained  foreign  bodies,  513 
in  lung,  400-412,  513-517 
rupture  of  subclavian  aneurysm,  45 
segmental  resection  in  la(‘eration  of  lung, 
462 

serial  roentgenologic  localization  of  for¬ 
eign  l)odies,  333,  334 
stab  wound  of  heart,  84-85 
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Case  Instories^Continued 
sucking  wound ; 

cardiac  standstill,  451-456 
superimposed  on  broncliopuluionary  in¬ 
fection,  456-461 
with  wet  lung,  502-506 
symptomatic  retained  foreign  body,  523 
thoracoabdominal  wounds,  476-406,  537 
thoracospinal  wound,  47-48 
transthoracic  approach,  in  right-sided 
thoracoabdominal  wound,  135 
traumatic  aneurysm,  of  subclavinn  aitery, 
244 

colostomy,  131-132 

through-and-tlirough  cardiac  wounds,  72- 
77,  78 

tuberculosis  after  atelectasis,  16,) 
tuberculosis  complicating  combat-incurred 
wound,  426-428 

unrecognized  perforation  of  splenic  flex¬ 
ure,  135 

wet  lung,  43-48,  232-235 
wounds  nssoicated  with  thoracoabdominal 
wmunds,  141 
wound  (s),  of  — 
auricle,  89 
esophagus,  28-30 
right  main  stem  bronchus,  23-24 
subglottic  larynx,  149 
Cnssino,  442,  456,  463,  502 
Catheter  aspiration ; 

after  de(!ortication,  289 
after  thoracoabdominal  surgery,  126 
antecedent  to  bronchoscopic  aspiration, 
228 

failure  of,  228 

in  wet  lung,  112,  126,  233-227,  236 
of  tracheobronchial  tree,  46 
Catlieter  decompression,  in — 
tension  pncufothorax,  536 
tracheobronchial  wounds,  22 
Catheter  drainage,  in — 

bronchopleural  flshtulas,  171,  538 
Incerations  of  lung,  462 
Catheter  management,  of  sucking  wounds, 
149 

Catheter  suction — 
during  operation,  213 
in  atelemtasis,  164,  165 
in  pulmonary  edema,  162 
in  wet  lung,  179 


Cause (s)  of  death,  in — 
blast  injuries,  38-39 
cardiac  wounds,  97 

5th  Auxiliary  Surgical  Group  fatalities, 
536-537 

myocardial  contusions,  68 
removal  of  retained  foreign  bodies,  395 
retained  foreign  bodies,  340 
2d  Auxiliary  Surgical  Group  fatalities, 
533-534 

thoracoabdominal  wounds,  538-539 
Cavitation,  in  actinomycosis,  432 
Cecum,  wounds  of,  539 

Cellular  symphysis,  in  organizing  hemo¬ 
thorax,  249 

Center,  15th  Hospital,  353 
Central  nervous  system,  effect  of  anoxia  on, 
210 

Cerebral  anoxia,  210,  534 
in  blast  injuries,  474 
in  wet  lung,  214 

Cerebral  damage,  in  blast  injuries,  526 
Cerebral  edema,  as  cause  of  death,  after 
lobectomy,  420 
Cerebral  embolism,  534 
Cerebral  malaria,  534 

Cerebral  symptoms,  after  blast  injuries,  524 
Cerebovascular  accident,  after  lobectomy, 
420 

Cervical  emphysema,  in  wounds  of  esopha¬ 
gus,  25 

Cervical  inediastinotomy,  159 
Cervical  veins,  engorgement  of,  in — 
cardiac  temponde,  60-61,  62 
cardiac  wounds,  SO 
mediastinal  wounds,  20 
tension  pneumothorax,  151 
Chamber  foreign  bodies,  88 
C'h amber  wounds,  99 
Changes  of  position,  in  wet  lung,  217 
Characteristics  of  combat,  in  I’acific  Ocea.n 
areas,  400 

Chemical  pleuritis,  in  spontaneous  nontuber- 
culous  pneumothorax,  432 
Chemotherapy : 

in  organizing  hemothorax,  273 
negative  culture  after,  283 
with  primary  thoracotomy,  553 
Chest  cripples,  in  World  War  I,  283,  303, 
313,  315,  400,  404,  507,  524 
Chest  flndings,  in  blast  injuries,  40-41 
Chest  pain,  in  wet  lung.  232 
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Chest  wall : 

eliroiiii'  draining-  sinuses  of.  id.*).  1<S(M.S1. 
uOT.  .j41,  ;j44,  545 

in  Zone  of  Interior,  401,  412-413 
closure  of,  in  tliorocoabdoininal  wounds, 
121 

contusions  of.  208,  221 
defects  of,  145,  140,  lSl-183,  107 
in  Zone  of  Interior,  400,  401,  412 
disruiition  in  wounds  of,  173 
effect  of  pain  in,  in  wet  lung-,  222-223 
followup  of  wounds  of,  451-401 
foreign  bodies  in.  332,  303.  304.  408.  513, 
523 

heniorrliagc  from,  200 
hemothorax  with  wounds  of,  240 
infection  of,  in  followed-up  casualties,  440 
instability  of,  after  thoracolaparotomy, 
117 

involment  of,  in  emj>yema,  274 
inoliility  of,  in  heinothoracic  empyema, 
274 

pain  in,  in  hemothorax.  203 
reaction  of,  to  trauma,  20S 
restriction  of  respiration  in  wounds  of,  3 
wounds  of,  3-4.  238,  320,  525,  530 
nausea  and  vomiting'  in,  100 
Chloroazodin,  320 
Chondritis,  125 

Chronic  bronchitis,  associated  with  actino¬ 
mycosis,  431 

Chronic  draining  sinuses,  of  chest  wall.  145, 
180-181,507,541.544,545 
in  Zone  of  Interior,  401,  412-413 
Chronic  empyema,  237,  238.  507,  541 
after  anterior  drainage,  405 
after  penicillin  therapy,  430 
delayed  decortication  for,  405-406 
develoianent  of,  during  drainage,  280 
in  ^^5.)rld  IVar  I,  507 
incidence  of,  540-551 
physical  theraiiy  in,  407 
prevention  of,  by  decortication,  285 
Chronic  fibrothorax,  549 
Chronic  hemothorax,  238 
caused  by  continued  aspiration,  275 
in  Zone  of  Interior,  400 
pathologic  pi'ocess  in,  240 
Chronic  invalidism,  in  lung  abscess,  420 
Chronic  lung  abscess,  428-420 
Chronic  spontaneous  nontuberculous  pneu¬ 
mothorax,  432 


Chronicity : 

development  of,  during  rib  resection 
drainage,  310-311 
of  actinomycosis,  431-432 
of  bile  einpyimia,  120 
of  empyema  in  World  War  I,  274 
of  tulierculous  wound  infection,  427-428 
Chronology,  of — 

clotting  in  hemothorax,  248 
complications.  145 

with  retained  foreign  bodies,  340,  544 
deaths.  534,  536,  538 
in  cardiac  wounds,  07-08 
in  thoracoabdominal  wounds.  140,  538 
heinothoracic  empyema,  240,  272 
infection  in  hemothorax,  260 
organizing  heimdhorax.  240.  401 
resolution  in  organizing  hemothorax. 
250-260 

suppuration  in  organizing  hemothorax, 
262-263 

symptoms  with  retained  foreign  bodies, 
545 

wet  lung.  213 

CHriiciiiLL,  Col.  E.  I)..  23,  88,  210.  280, 
281,  441 

Chylothorax.  145,  175 

Ciliary  action,  in  tracheobronchial  tree, 
208 

Circulatory  collapse,  after  cardiac  surgery, 
05 

Cirencester,  353 
Civil  War,  107 

Civilian  casualties,  520.  533,  534 
Civilian  practice : 
bronchiectasis  in,  416 
retained  foreign  bodies  in,  325 
Civilian-type  accidents,  11 
Civilian-type  chest  wounds,  240 
Civilian-type  empyema,  incidence  of,  242 
Civilian-type  lung  abscess,  178 
Civitavecchia,  442 
Classificaticui,  of— 
bronchopleural  fistula,  160-170 
cardiac  wounds,  63 

diaphragmatic  injuries,  in  thoracoabdom¬ 
inal  wounds,  103 
shock,  531 
wounds,  3-48 
Clavicle : 

division  of.  at  tracheal  repair,  22 
fractures  of,  11,  12,  413 
reflection  of,  at  operation,  153,  155 
rese(-tion  of.  in  mediastinal  wounds,  20 
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Clearing  stations,  530 
initial  wound  surgery  in,  530 
overbyclration  in,  233 
triage  of  sucking  wounds  in,  9 
Cleavage  plane,  in  decortication,  251,  252- 
253,  258-250,  288 
Climate,  in — 

Mediterranean  theater,  442 
Pacifi(‘,  390 

Clinical  diagnosis,  of — 

migratory  f(jrcign  l)odi(‘s,  391-392 
thoracoabdominal  wounds,  100 
Clinical  indications,  for  removal  of  foreign 
bodies,  327-328 

Clinical  manifestations,  of  retained  foreign 
bodies,  407-408 
Clinical  picture',  in — 

Actinomycosis,  431-432 
atelectasis,  1G4 
blast  injuries,  34,  39-41 
bronchiectasis,  41G 
carcinoma  of  lung,  433 
cardiac  contusions,  GG 
cardiac  wounds,  51-57 
diaphragmatic  hernia,  101,  103 
eechyinotic  mask,  31 
hematoma  of  lung,  1G5 
hemotlioracic  empyema.  2G5-2GG,  272-273, 
27G,  283 

hemothorax,  2G3-2G7 
infolded  lung,  185 
mediastinal  wounds,  20 
migratory  intravascular  foreign  bodies, 
388-392 

patic'iits  with  residual  symptoms  after 
chest  wounds,  202-203 
pericai'dial  elTusion,  357 
pneumonitis  (pneumonia),  170 
pulmonary  edema,  1G1-1G2 
pulmonary  hernia,  197 
shock,  21 G 

tension  pneumothorax,  149-151 
thoracoabdominal  wounds.  110 
tuberculoma,  42G 
wet  lung.  213-215 
wounds  of  esophagus,  25-2G 
aS'cc  c/.vo  Signs;  Symptoms, 

Clos('d  drainage,  in  tension  pneumothorax  of 
peritoneal  origin,  104 
^cc  aUo  IVa tow-seal  drainage. 

Closed  intercostal  decompression,  in  pulmo¬ 
nary  lacerations,  526 


Closed  intero'ostal  drainage,  in — 
heniothoracic  omipyema.  404 
hemothorax,  507 
sucking  wounds,  11 
Clostridial  infection,  in — 
fractures  of  scapula,  44 
heniothoracic,  202,  283 
Clostridial  myositis,  140,  145,  175,  534 
differentiation  of,  from — 
pulmonary  hernia,  197 
subcutaneous  empysema,  157 
of  chest  wall,  197 

CJosfridiiiiii  irclcliii  empyema,  after  decorti¬ 
cation,  307 
Closure : 

after  wound  disruption,  .174 
of  chest  wall : 

in  thoracoabdominal  wounds,  121 
technique  of,  204 

of  (‘olostomy,  102,  128,  440,  450,  513 
of  diaphragm,  119-120 
of  sucking  wounds,  9-11,  112,  174,  52G 
of  wounds  of  lung.  17-18 
Clotted  blood,  as  cult  ure  medium,  247,  273 
Clotted  hemothorax,  237-238,  230-240,  507 
after  removal  of  foreign  bodies,  349 
as  indication  for  i)rimary  thoracotomy, 
535 

aspiration  in,  270 
decortication  in,  271,  308-309 
differentiation  of.  from  simple  hemotho¬ 
rax,  2G3-2G5 
incidence  of,  230 
infolded  lung  in,  185 
loculation  in,  277 

management  of,  in  base  hospitals.  302-303 
obscuration  of  foreign  bodies  by,  34G 
role  of,  in  infolded  lung.  183 
('lotting : 

aii1eced(*nt  to  infected  hemothorax,  240 
in  traumatic  ph'uritis,  4 
mechanism  of,  in  organizing  hemothorax, 
24G-240 

prevention  of,  by  thoracentesis,  2GG 
Clubbing,  of  lingers,  273 
Coagulative  ferments,  in  organizing  hemo¬ 
thorax,  248 

Cocaine  anesthesia,  in  catheter  aspiration, 
224 

Collapse,  of — 

apex,  in  infect('d  organizing  hemothorax, 
282 

lung,  in  sucking  wounds,  5 


Collapse  therapy,  425 

Collateral  circulation,  in  arteriovenous  fis¬ 
tulas,  46 

Collecting  stations,  management  of  sucking 
wounds  in,  149 
Colon : 

evisceration  of,  539 

exteriorization  of,  115,  123,  127-128,  538 
gangrene  of,  in  diaphragmatic  hernia,  196 
herniation  of,  into  chest,  186,  191,  193 
inicidence  of  wounds  of,  541 
peristalsis  in  wounds  of,  109 
wounds  of,  103,  116,  118,  123,  538 
Coloration,  of  chronic  traumatic  hemotho¬ 
rax,  252-254 
Colostomy,  118,  123 
closure  of,  102,  128,  513 
in  followed-up  casualties,  449,  450 
Coma,  in — - 

cerebral  anoxia,  210 
head  injuries,  211 
wet  lung,  232 

Coinl)ined  thoracic  and  abdominal  wounds, 
101.  106,  532.  540 

Committee  on  Surgery,  Division  of  Medical 
Sciences,  National  Research  Council,  85 
Common  iliac  artery,  embolic  foreign  body 
in,  391 

Common  iliac  v'ein,  migration  of  foreign 
body  in,  391 
Commotit)  thoracis,  32 
Complications,  145-205,  540 
after  decortication.  300 
after  lobectomy,  420 
after  surgery — 

for  retained  foreign  bodies,  349 
on  innominate  artery,  393 
in  crushing  injuries,  30 
in  Pacific  Ocean  areas,  399 
in  wounds  of  liver,  118-119 
management  of,  540 
of  head  injuries,  46 
of  pulmonary  hernia,  199 
of  retained  foreign  bodies,  325 
of  thoracoabdominal  wounds,  128,  129- 
133,  538 

of  thoraco.spinal  wounds,  46-48 
of  wet  lung,  502 
resulting  from  therapy,  541 
Compound  fractures,  fat  emboli  in,  43 
Compression  asphyxia,  38 


Compression  pneumothorax,  as  cause  of 
oxygen  deficiency,  52 

Compression  injuries.  See  Crushing  in¬ 
juries. 

Concept,  of — 

hemothorax,  237-238 
replacement  therapy,  531 
satisfactory  recovery,  in  massive  hemo¬ 
thorax,  280 

separation  from  service,  for  tuberculosis, 
424 

wet  lung,  207-208,  501 
Concomitant  wounds,  43-48 
as  cause  of  death,  534 
in  thoracoabdominal  wounds,  140-141 
case  fatality  rates  in,  533 
in  blast  injuries,  39 
in  cardiac  wounds,  50,  88 
in  thoracoabdominal  wounds,  537 
in  Zone  of  Interior,  400,  413 
incidence  of,  43 
influence  of,  in — 

decortication,  306,  308 
retained  foreign  bodies,  329-330 
ril)  resection  drainage,  308 
manageimoit  of,  in  myocardial  contusions, 
68 

Sec  also  wounds  of  special  areas. 
Conduction  defects,  in  cardiac  wounds,  56 
Congenital  diaphragmatic  hernia,  131 
Congenital  pulmonary  hernias,  197 
Congenitally  short  esophagus,  439 
Conservative  management,  of — 
bronchiectasis,  417 
crushing  injuries,  30 
thoracoabdominal  wounds,  110 
wounds,  of — 
esophagus,  27 
lung,  17-18 
Contamination— 
in  hemothorax,  273 
in  sucking  wounds,  10 
of  chest  wall  wound,  in  thoracoabdominal 
wounds,  173 

Continental  Advance  Section,  173 
Contracture,  of — 

chest,  in  infolded  lung,  183-184,  185 
hemithorax,  237 

in  clotted  hemothorax,  265 
in  organizing  hemothorax,  259 
prevention  of,  by  thoracentesis,  266 
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Contraindications,  to — 

diagnostic  pnounioperitoneum,  344 
intercostal  catheter  drainage,  in  infected 
hemothorax,  275 

local  inhltration,  in  wet  lung,  221 
Contralateral  hemiplegia,  after  surgery  on 
innominate  artery,  393 
Contralateral  lung : 

function  of,  in  sucking  wounds,  8 
in  bronchiectasis,  420 

Contralateral  thoracoabdominal  wounds,  533 
Contrecoup  collapse  of  lung,  103 
Control  of  hemorrhage,  at  cardiac  operation, 
91 

Controlled  respiration,  in  closure  of  dia- 
phragm,  119 
Contusion  (s)  : 

in  blast  injuries,  38 
of  auricles,  07,  G9~70 
of  brachial  plexus,  40 
of  chest,  32 

hemothorax  after,  240,  280 
of  chest  wall,  3—4,  208,  221 
of  lioart,  03,  05-09,  97,  98 
of  intercostal  muscles,  in  blast  injuries,  39 
of  lung,  IS,  30,  47,  101,  105,  210,  272,  540 
in  thoracoabdominal  wounds,  103 
of  myocardium.  50,  09,  98-99 
of  ventricles,  00-07,  08,  09-70 
pneumonia  after,  30 

Convalescent  furlough,  after  lobectomy,  419 
Conversion  of  internal  to  external  sucking 
wound,  105-100 
CooPKR.  E.  W.,  89 
Coramine,  508 

Coronary  arterial  insufficiency,  88 
C(tronary  artei‘y,  wounds  of,  58,  530 
Coronary  infarction,  00 
Coronary  occlusion : 

after  cardiac  surgery,  95 
in  cardiac  contusions,  60 
resemblance  of,  to — ■ 
ca  r d  i  ac  con  tusi  on ,  00 
myocardial  contusions,  68 
Coronary  tliroinbosis,  68,  91-92,  98 
Coronary  vessels : 

impingement  of  foreign  bodies  on,  88 
reflex  spasm  of,  06 

Cortical  impairment,  in  cerebral  anoxia,  210 
Costal  cartilages : 
infection  of,  117,  540 
wounds  of.  180,  412 
Costal  fixation,  in  flail  chest,  16 


Costal  periosteum,  noninvolvement  of,  in 
hemothoracic  empyema,  273 
Costochondral  separation,  11 
Costophrenic  fringe,  of  lung,  183,  184 
Oostophrenic  gutter,  obliteration  of,  in  or¬ 
ganizing  hemothorax,  253 
Costophrenic  sinus,  fibrin  formation  in,  248 
Costophrenic  sulcus,  redevelopment  of,  at 
decortication,  288,  294 

Cotton  sutures,  in  repair  of  diaphragm,  189 
Cough : 

in  blast  injuries,  40 
in  bronchiectasis,  417 
in  hemothoracic  empyema,  260 
ill  wet  lung,  213-214,  216-217,  228 
persistence  of,  524 

Cough  mechanism,  after  wounding,  208-209 
Cough  reflex : 

after  intercostal  nerve  block,  115-116 
after  thoracoabdominal  surgery,  120 
depression  of : 
by  morphine,  212,  219 
in  wet  lung,  207n,  208 
in  atelectasis,  104 
in  compound  fractures  of  ribs,  12 
in  crushing  injuries,  30 
in  thoracospinal  wounds,  47 
in  wet  lung,  179,  228 
in  wound  disruption,  174 
restriction  of,  in  wounds  of  chest  wall,  3 
suppression  of,  211 
in  wet  lung,  217 
Coughing : 

after  decortication,  300 
after  nerve  block,  222 
in  nianagement  of  wet  lung,  217,  232 
precipitation  of,  by — 

carbon  dioxide  inhalation,  232 
introduction  of  catheter,  227 
Counterincision,  for  removal  of  retained 
foreign  bodies,  513 
Course  of  missile (s),  156 

effect  of,  in  sucking  wounds,  5 
in  cardiac  wounds,  53,  54,  64,  72,  76 
in  mediastinal  wounds,  20 
in  scapular  fractures,  44 
in  thoracoabdojuinal  wounds,  103,  108-109, 
110,  137,  537-538 
in  wounds,  of — 
esophagus,  20,  27 
lung,  17 

Crepitation,  in  subcutaneous  emphysema,  157 
Crimean  War,  197 


Criteria,  of — ■ 

cure,  in  decortication,  303 
dia.u'iiosis,  in  blast  injuries,  41 
followni)  studies,  441 

Crossliatcliinii-.  of  parietal  pleura  at  decorti¬ 
cation,  274.  203 
Chowley,  Maj.  R.  T..  307 
Crusliiu.u',  of— 

intercostal  nerve,  at  thoracotomy,  222 
phrenic  nerve,  120 

in  repair  of  diaphragmatic  hernia,  lOG 
Crushini*'  injury (ies),  30-32.  (JG,  140 
diaphragmatic  hernia  after,  186 
pulmonary  hcu'iiia  after,  107 
Cultural  studies,  before  decortication,  287 
Cyanosis — 

durinii'  catheter  aspiration,  227 
in  atelectasis,  164 
in  bronchiectasis.  421 
in  cardiac  wounds,  52,  53 
in  clotted  hemothorax.  535 
in  hematoma,  of  luiiir,  105 
in  tension  pneumothorax,  151 
in  thoracoabdominal  wounds,  100,  112,  125 
in  wet  lun.i*-,  207n,  217.  232 
Cyclopropane  anesthesia,  for  decortication, 
289 

Cyst  of  esophaii'us.  438 

Cystic  duct,  bronchial  spasm  after  experi¬ 
mental  traction  on,  200 

D'Aniii-AV.  A.  L.,  241 

Dakinizatioii.  in  chronic  empyema,  551 

Davies.  H..  244 

Di^ad  space : 

after  lolu'ctomy,  300 
in  hemothoracic  (mipyema,  272 
in  hemothorax,  273 
in  pleural  cavity.  240,  240n 
oblit(‘ration  of.  at  d(H*r)rtication.  285,  207 
Deax.  1).  :M..34.  41 
Death (s)  : 

caus(‘d  by  vascular  erosion  by  foreign 
bodies,  380 

chi’onology  of,  07-08,  140,  534,  536,  53S 
from  bronchiectasis,  415 
from  wet  lung.  210 
in  fixed  hospitals,  527,  530 
in  forward  hosi)itals.  520-530 
in  thoracic  surgery  c(mters,  530 
on  hattlelield.  17, 18,  21,  65,  153, 175 
time  of,  in  cardiac  wounds,  07-08 
8cc  also  Rattletield  deaths ;  Case  fatality 
ratics;  Mortality;  etc. 


Debrideimait,  240,  301.  525.  532 
case  fatality  rates  in,  533 
defects  of  chest  wall  after.  181-183 
in  compound  fractures  of  ribs,  12,  16 
in  evacuation  hospitals,  117 
in  forward  hospitals.  445 
in  scapular  fractures.  44 
in  thoracoabdominal  wounds,  121 
of  sucking  wounds,  0. 10,  52,  535.  541 
removal  of  foreign  bodies  at,  326,  328 
8'cc  a/.s-o  Initial  wound  surgery. 

Decholin.  determination  of  circulation  time 
by. 408 

Decompression,  in — 

acute  gastric  dilatation.  157 
mediastinal  emphysema,  150 
subcutaneous  emphystmia.  157 
sucking  wounds,  149 
tensi(Ui  pneumothorax.  151.  536 
tracheohroucliial  wounds.  22 

Decortication.  273,  278-2S9,  507.  540.  549 
after  rib  resc'diou  drainage.  298 
antecedent  to  removal  of  forcugn  bodies. 

346-347 
Conceiit  of.  281 
criteria  of  cinx'  in,  303 
development  of.  278-281 
for  empyema  (organizing  hemothorax), 
on  followed-up  casualties,  449 
in  bile  em])yema,  129-130 
in  lu-onchopleural  fistula .  170 
in  chronic  empy(mia,  551 
in  clotted  traumatic  phniritis,  4 
in  Europ(‘an  theater,  301 
in  infected  organizing  hemothorax.  282- 
283 

in  infohhgl  lung.  186 
in  Meditcu'ranean  theater.  301-324 
in  nontraumatic  emp.vema,  300-301 
in  organizing  hemothorax.  249.  402 
in  spontaneous  noutuberculous  pneumo¬ 
thorax,  432 

in  thoracospinal  wounds.  47 
in  tuberculous  emi)yema,  301 
in  wounds  of  esophagus,  28 
in  Zon(‘  of  Tnt(‘rior,  405-406,  549 
indications  for.  260,  271,  281-286 
of  diaphragm.  288.  293 
idaiie  of  cleavage  in.  251,  252-253,  258- 
259,  279.  288,  290,  291,  297 
postoperative  management  after,  298-300 
priiiciph'S  of,  288-289 
rationale  of,  279-280 
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DoeorticiUion — Contiiiiiod 
results  of.  t)01-3()o 
selection  of  Ciises  for,  2S1 
stMtistics  of,  :-)()0-oll. 
status  of  lung  at,  272-273 
stt'ps  of,  201-204 
te(‘liinque  of.  280-20S 

timing  of.  120,  240-2.11,  2.‘>0-2(;0,  28G-2S7, 
300,  31.J,  317,  322,  400-407 
See  also  1‘riniary  decortication  ;  Secondary 
decortication. 

Decubitus  ulcers,  in  tlioracospinal  ^Y0unds, 
4  i 

]  )(‘(q>br('atliing,  after  decortication,  300 
Defc'cts  of  chest  wall,  14.1,  140.  181-183,  107 
in  sucking  wounds,  11 
in  Zone  of  Interior,  400,  401, 412 
IX'fibrinating  effect,  of  visceral  motion,  in 
lu'mothorax,  248 

Definition,  of  tlioracoabdoniinal  wounds,  101 
Dofl{‘ction,  of  missiles,  108 
D(‘grees  of  shock,  131 
Delayed  aspiration,  in  bemotliorax,  402 
Delayed  decortication,  in  Zone  of  Interior, 
40.1-400 

Delayed  i)i‘imary  wound  closure,  320,  412, 
440,  llOn 

in  sucking  wounds,  11 
in  thoracoabdominal  wounds,  121,  128 
DicT.oiCMK.  E.,  301 

Dental  sepsis,  as  cause  of  lung  abscess,  428 
Ikmudation,  of  lung  tissue,  170 
Denver.  40-1,  424,  480 

Dependent  open  drainage,  in  liemotboracic 
enipy(‘ma,  404 

De  Pezzer  catheter,  use  of,  after  decortica¬ 
tion,  208 

Depr(‘Ssion,  of  cough  retb'x — 
by  morphine.  212 
in  wet  lung,  207n,  208.  200 
Dermoid  cysts,  of  esophagus,  430 
Descending  colon,  wounds  of  IIG,  127-128 
De  Takats.  G..  200,  231 

Devitalized  muscle,  as  culture  medium,  247 
DelVitt  General  Ilospital,  473 
Dextrose  infusions — 
after  decortication,  208 
in  thoracoabdominal  wounds,  126 
Diagnosis  : 

by  exploi-ation  in  thoracoabdominal 
wounds,  110-111 
in  bronchopleural  fistula,  170 
74G-911'' — G5 - 39 


Diagnosis — Continued 

in  combined  thoracic-abdominal  wounds, 
541 

in  iiUHliastinal  emphysema,  1-50 
of  blast  injuries,  41 , 43 
of  brachial  plexus  injuries,  46 
of  bronchiectasis,  416-417 
of  cardiac  contusions,  66 
of  cardiac  tamponade,  59-61 
of  cardiac  wounds,  51-57,  88 
of  diaphragmatic  hernia,  193 
of  hemotoma  of  lung.  166,  496 
of  hemorrhage,  154-155 
of  heniothoracic  empy('ma,  265-266,  272- 
273. 

of  hemothorax,  263-267 
of  infolded  lung.  185 
of  mediast  inal  neoplasms,  436 
of  mediastinal  wounds,  19-20 
of  migratory  foreign  bodies,  391-392 
of  pneumonitis  (pneumonia  ) ,  179 
of  pulmonary  hernia,  197 
of  subcutaneous  emphysema,  157 
of  thoracoabdominal  wounds,  22,  106-110 
of  tuberculoma.  426 
of  wet  lung,  215-216 
of  wounds  of  esophagus,  24-27,  28.  345 
Diagnostic  aspiration,  in  wounds  of  esopha¬ 
gus,  26.  28 

Diagnostic  critiula,  in  thoracoabdominal 
wounds,  110 

Diagnostic  pneumoperitoneum,  341-344 
Diagnostic  pneumathorax,  337,  344 
Diapedesis,  in  ecchyniotic  mask,  31 
Diaphragm : 

action  of,  in  wet  lung,  217 
avulsion  of,  103, 120 
closure  of,  119-1 20,  542n 
decortication  of,  288,  293 
disruption  of,  140 
elevation  of,  in — 

clotted  hemothorax.  205 
infolded  lung,  185 
organizing  hemothorax,  2.53,  293 
fixation  of,  in  organizing  hemothorax,  293 
followup  studies  in  wounds  of,  446 
foreign  bodies  in  (on),  394,  407—108,  523 
herniation  of  abdominal  contents  through. 
103 

immobilization  of,  in  clotted  hemothorax, 
265 

lacerations  of,  103 

in  crushing  injuries,  30 


Din  ph  rag‘111 — Con  t  inned 
perforations  of,  101-141 
repair  of,  128,  538 
role  of,  in — ■ 

cough  median  ism,  212 
infolded  lung,  183 
shoulder  pain  in  ^Yonnds  of,  109 
Slicking  wounds  of,  136 
testing  of,  522 

use  of,  in  pleural  closure,  10 
wounds  of,  101-141, 149,  293,  446 
Diaphragmatic  hernia,  119,  120,  131,  145, 
186-196,  540,  541 
clinical  picture  in,  193 
diagnosis  of,  193 
etiology  of,  191 
in  Zone  of  Interior,  401 
management  of,  196 
liathogenesis  of,  191 

Diaphragmatic  pleura,  foreign  bodies  in,  394 
Diaphragmatic  surface  of  heart,  foreign 
bodies  on,  373 

Diaphragmatic  zone  of  chest,  106 
Diet- 

after  decortication,  298 
before  decortication,  288 
before  lobectomy,  418 
Differential  diagnosis,  of — 
blast  injuries,  32 
bronchiectasis,  416-417 
broiichogenic  cysts,  437 
clostridial  myositis,  175 
hematoma  of  lung,  166,  496 
hemothorax,  266 
infected  hemothorax,  272-273 
infolded  lung,  185 
mediastinal  foreign  bodies,  345 
mediastinal  tumors,  438 
oxygen  deficiency,  52 
pericardial  cysts,  438 
pulmonary  hernia,  197 
right  heart  failure,  162 
suhcuetaneous  emphysema,  157 
sucking  wounds.  22 
tracheobronchial  wounds,  22 
tuberculoma,  426 
wet  lung,  216 
wounds  of  esophagus,  25 
Digital  hemostasis,  392 
Dilatation,  of  esophageal  stricture,  542 
Diodrast,  localization  of  retained  foreign 
bodies  by,  408-409 
Disal)ility  claims,  443 


Disal)ility  discharge,  in- 
blast  injuries,  474 
bronchiectasis,  415 
laryngeal  malignancy,  433 
malignant  neoplasms,  433 
mediastinal  neoplasms,  433 
mediastinal  wounds,  468 
thoracoabdominal  wounds,  476 
Disability  pensions,  523-524 
Diseases  of  chest,  415^40 
in  Pacific  Ocean  areas,  399 
postseparation  development  of,  524-525 
Dislocation  of  heart,  at  operation,  370,  375 
370-378 

Disorientation,  in  wet  lung,  214 
Displacement  of  lung,  in  organizing  hemo 
thorax,  259 
Disposition : 
after  lobectomy,  419 
followup  studies  in,  450-451 
in  bronchiectasis,  424 
in  Zone  of  Interior,  400 
boards,  policies  of,  400 
8'eo  a] no  Return  to  duty. 

Disruption — - 

after  closure  of  sucking  wounds,  9 
of  diaphragm,  140 
Diversion,  of  fecal  stream,  128 
Diverticula,  of  esophagus,  439 
Dizziness,  during  thoracentesis,  269 
Dome  of  diaphragm,  foreign  bodies  in.  138 
Doud,  Maj.  E.  A.,  44,  47,  124,  154,  155 
Di-ainage,  539 

after  decortication,  295,  298 
for  bile  empyema,  129-130 
after  lobectomy,  419 
after  primary  tlioraeotomy,  553 
after  removal  of  foreign  bodies,  347 
for  empyema  in  World  War  I,  274 
for  wound  infection,  451 
in  actinomycosis,  431 
in  bronchopleural  fistulas,  543 
in  cardiac  laceratioms,  71 
in  cardiac  wounds,  93 
in  clotted  hemothorax,  265 
in  diaphragmatic  hernia,  196 
in  empyema,  170,  540,  545 
clinical  course  in,  280 
in  fixed  hospitals,  449 
in  hemothoracic  empyema,  404 
in  lung  al)scess,  170, 178,  394,  428 
in  massive  gangrene  of  lung,  178 
in  mediastinal  wounds,  20 
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Drjiiiia,i;c — Coiiliimod 
in  pericardial  wounds,  05,  90,  540 
in  postpiieunionic  empyema,  430-131 
in  subplirenic  infections,  130,  476,  540 
in  thoracoabdominal  wounds,  120-121 
in  wounds  of — ■ 
esoplias'us,  27,  28 
kidney,  IIS 

liver,  118-110,  121-123,  ISO,  538,  542 
lung,  18 
pancreas,  118 
rectum,  128 
in  Zone  of  Interior,  450 
inadequate  use  of,  240 
into  pleural  cavity  in  cardiac  wounds,  58 
of  multiple  empyemas,  27S 
of  paraesophageal  abscess,  542 
of  pericardium,  05 
Drainage  tubes : 

as  foreign  bodies,  327 
management  of : 

after  decortication,  208,  300 
after  thoracoabdominal  surgery,  127 
Draining  sinuses — 

associated  with  foreign  bodies,  544,  545 
of  chest  wall,  145,  180-181,  400,  401,  412- 
413,  507,  541 
Drinker,  C.  K.,  161,  209 
Drury- White,  J.  51.,  34 
Dullness,  in  infolded  lung,  185 
Duodenum,  wounds  of,  121, 123,  538 
Duration,  of — 

eifeet  of  intercostal  nerve  block,  223 
effect  of  paravertebral  nerve  block,  223 
hospitalization  in  thoracoabdominal 
wounds,  138 

recoverj"  with  decortication,  280 
Duvau,  l\,  117n 

Duval-Barasty  extrapleural  exposure,  80 
Dyspnea,  413 

associated  with  foreign  bodies,  328 
associated  with  pulmonary  transudation, 
161 

associated  with  wound  disruption,  174 
during  thoracentesis,  260 
following  chest  wounds,  202 
studies  on,  203 
in  atelectasis,  164 
in  blast  injuries,  474 
in  bronchiectasis,  416, 421 
in  bronchopleural  fistula,  170 
in  cardiac  wounds,  52,  53 


Dyspnea — Continued 
in  clotted  hemothorax,  535 
in  diaphragmatic  hernia,  103 
in  heiuotoma  of  lung,  165 
in  myocardial  contusions,  68 
in  organizing  hemothorax,  281 
in  tension  pneumothorax,  140 
in  thoracoabdominal  wounds,  100 
in  wet  lung,  213-214,  215,  216,  217,  210 
in  wounds  of  esophagus,  25,  30,  345 
persistence  of,  145,  523-524 
in  followed-up  casualties,  450 

Early  ambulation,  after — 
decortication,  300 
lobectomy,  410 

thoracoabdominal  surgery,  126 
Ecchymosis,  in  blast  injuries,  38 
Ecchymotic  mask,  31-32 
l^lctopic  heart  beats,  at  operation,  00 
Ectopic  stimuli,  as  cause  of  death,  00 
Edema  of  wounding,  248 
Edwards,  A.  Tudor,  373 
Edwards,  E.  R.,  244 

Effects  of  blood,  on  pleural  structures,  241r- 
245 

Eggers,  C.,  274 

Elastic  component  of  peel,  in  hemothorax, 
250-251 

Elective  incision,  in — 
primary  thoracotomy,  532 
thoracoabdominal  wounds,  128 
Elective  removal  of  foreign  bodies,  325 
Electric  localization  of  foreign  bodies,  332 
E lectroca r diogra phy  ; 

after  cardiac  surgery,  95,  380 
at  cardiac  surgery,  375-370 
in  cardiac  wounds,  51,  56-57 
in  intracardiac  foreign  bodies,  3()5-366 
in  myocardial  contusions,  60 
in  perforating  wounds  of  heart,  70 
in  retained  foreign  bodies,  SO 
in  stab  wound  of  heart,  85 
Elevation  of  diaphragm,  in — 
clotted  hemothorax,  265 
infolded  lung,  185 
organizing  hemothorax,  203 
Elkix,  Col.  D.  C.,  50,  60,  65,  SO,  01 
Elliott,  1st  Lt.  C.  V.,  442 
Embolic  foreign  bodies,  353,  380-393,  539 
Embolic  spread,  after  decortication,  303 
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Eiul)()lisin  : 

aftiM’  lolKH-ioiny.  410 

caiisiMl  by  iiiig-rntory  foroi.i^n  bodies,  78,  04 
ill  eardiac  \yoniids,  07 

risk  of,  ill  iiilraeardiac  foreign  bodies,  35G 
KiiH'rgeiicy  measures,  in  tension  pneiimo- 
tliorax,  l.jl. 

Emergency  occ'lusioii,  of  sucking  wounds, 
0-10 

Emergi'iicy  surgery,  in  tboracoabdoniinal 
wounds,  112 

Emergency  tlioracotoniy,  bronclioscoiiy  be¬ 
fore,  228-200 

Emi»bysema.  145, 157-160,  534 

differeni  iat  ion  of.  from  clostridial  myosi¬ 
tis.  175 

in  broncliiectasis,  410 
in  crusliing  injuries,  30 
of  mediastinum,  20 
Empyema ,  17S,  543 

aft  er  clott(‘d  lieinotliorax,  237 
after  decortication,  300,  307,  308 
after  inadequate  aspiration,  540 
after  lobectomy,  420 
aftc'r  mediastinal  surgery,  430 
after  organizing  lieinotliorax,  247 
after  removal  of  foreign  bodies,  340 
after  tlioracoalidominal  operation,  120 
after  wound  disruption,  0 
as  cause  of  death,  in  tlioracoal>dominal 
wounds,  140 
associated  with — ■ 
actinomycosis,  431 
bronchopleural  fistulas,  171,  543 
compound  fractures  of  ribs,  12 
diaphragmatic  hernia,  100 
draining  sinuses  of  chest  wall,  412 
retained  foreign  liodies,  320,  348,  340, 
545 

bacteriology  of,  2-10-247 
deaths  from,  534 

differences  from,  in  World  War  I,  273-275 
drainage  of,  170,  540 

drainage  operations,  in  World  War  I,  274 
in  crushing  injuries,  30 
ill  ecchyniotic  mask.  31 
in  fixed  hospitals,  in  followed-up  casual¬ 
ties,  440 

in  lacerations  of  lung,  408 
in  paraplegia,  47 

in  sucking  wounds,  11 
in  thoracoabdominal  wounds,  120,  476, 
538 


Empyema — Continued 
in  wet  lung,  215 
in  wounds,  of  esophagus,  25 
in  Zone  of  Interior,  404-407,  450,  551 
incidence  of,  301-302.  535-530 
in  sticking  wounds,  11 
management  of,  540-551 
prevention  of,  hy  decortication,  207 
recurrence  of.  after  decortication,  208 
relation  of.  to  wound  infection,  451 
statistics  of,  241-243,  540-551 
surgical  risk  of,  274-275 
technique  of  surgery  for,  in  AVorld  War  I, 
274 

wound  disruption  in,  174 
Sec  also  special  varieties. 

Empyema  commission,  280 
Empyema  necessitatis,  310 
Encased  lungs,  237 
Enchenberg.  481 
Endocardium  : 
nonsuture  of,  03 

pathologic  process  in  wounds  of,  03 
Endotracheal  anestliesia — 
for  decortication,  280 
for  repair,  of — 

diaphragmatic  hernia,  100 
pulmonary  hernia,  100 
in  thoracoabdominal  wounds.  106.  113,  542 
Endotracheal  aspiration,  in  diaphragmatic 
hernia.  100 

E 1 1  d 0 1 ra  ch ea  I  i  n tu  1  )a t io n — 
as  cause  of  cardiac  irritability,  370 
before  laparotomy,  130 
Endotracheal  suction,  in  wounds  of  lung,  IS 
Engorgement  of  cervical  veins,  in — ■ 
cardiac  tamponade,  00-01, 02 
cardiac  wounds,  80 
right  heart  failure,  102 
tension  piUMimothorax,  151 
Environmental  characteristics,  of  Pacific 
Ocean  areas,  300 
Epicardium : 
abrasions  of,  03,  07 

management  of,  during  cardiac  exposure, 
370,  370 
suture  of,  03 

Epiphrenic  diverticula  of  esophagus,  430 
Erosion — ■ 

caused  by  migratory  foreign  bodies,  302 
caused  by  retained  foreign  bodies,  305 
of  great  vessels,  by  foreign  bodies,  380 
of  lung,  by  rib  fragments,  170 
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Errors  in  dinsnosis,  of  diapliraginatic 
liernia,  193 
Escherichia  coli,  309 

Escherichia  infection,  in  organizing  liemo- 
tliorax',  262 

Esoplnigognstric:  junction,  ’wonnds  of,  125 
E s 01  )lin go j e j n n ostomy,  431 
Esoplingoplenral  fi.stnln,  2S,  30S 

management  of,  at  decortication,  284 
Esophagus : 

carcinoma  of,  433-436 
clinical  i)ictnre  in  wounds  of,  25-26 
compression  of,  in  mediastinal  emphy¬ 
sema,  159 
cyst  of,  438 

diagnosis  of  wounds  of,  24-27,  28 

dilTerential  diagnosis  of  wounds  of,  25 

exploration  in  wounds  of,  27 

tlstula  (s)  of,  540,  541, 542 

foreign  bodies  adjacent  to,  326,  394,  545 

incidence  of  wounds  of.  24 

lethality  of  wounds  of,  27 

malignant  neoplasms  of,  439 

management  of  wounds  of,  27-30 

stricture  of,  439,  542 

wounds  of,  19-20,  24—30,  103,  149,  345,  468, 
525,  526,  532,  534,  540,  542 
Estimation  of  surgical  risk,  in  decortication, 
276 

Ether  anesthesia : 
atelectasis  after,  163 
in  thoracoabdojiiinal  wounds,  113 
Ether  technique,  of  foreign  body  localiza¬ 
tion,  408 
Etiology,  of — 

abdominal  tindings,  in  blast  injuries,  40 

atelectasis,  163, 165 

bronchopleural  iistula,  170 

cardiac  tamponade,  58 

chronic  em])yema,  549 

chronic  parietal  sinuses,  180 

clostridial  myositis,  175 

diaphragmatic  hernia,  191 

draining  sinuses,  of  chest  wall,  412 

dyspnea,  in  wet  lung,  214 

ecchymotic  mask,  33, 32 

empyema.  240.  275 

infolded  lung,  183-185 

hemothorax,  238 

lumbar  pain,  in  wounds  of  esophagus,  25 
lung  abscess,  428 
organizing  hemothorax,  246-249 
pneumonia,  179 


Eti ology,  of — Continued 
pneumonitis,  179 
postoperative  pneumonia,  164 
pulmonary  edema,  in  shock,  216 
pulmonary  hernia,  197 
recurrent  empyema,  309 
residual  chest  pain,  203 
subcutaneous  emphysema,  157 
wet  lung,  211-213 
wound  disruption,  173 

European  theater,  353-395,  399,  442.  529,  534 
casualties  returned  from,  399,  404 
decortication  in,  301 
diaphragmatic  hernia  in,  186 
(nnpyema  in,  240 

evolution  of  clinical  policies  in,  535 
foreign  bodies  in,  353-395 
Evacuation : 

for  logistic  reasons,  462 
improvements  in,  530 
of  casualties,  after  thoracentesis,  270 
of  gastric  contents,  113 
Evacuation  hospitals : 

case  fatality  rates,  of  thoracoabdominal 
wounds  in,  137 
decortication  in,  287 
Inanothoracic  empyema  in,  271 
initial  wound  surgery  in,  530,  535 
manag(‘]nent  of — 

sucking  wounds  in.  9,  541 
thoracoabdominal  wounds  in.  101-102, 
111,  11  In,  117 

overdosages  of  morphine  in.  212 
overhydration  in,  213 

Evacuation  policies  in  oversea  theaters,  399 
Evalualion,  of— 

ovei-sea  surgery,  in  Zone  of  Interior,  539- 
554 

wet  lung,  232 
Evisceration — 

after  thoracoabdominal  surgery.  120 
in  thoracoabdominal  wounds,  114 
of  abdominal  organs,  539 
Evolution,  of— 

clinical  policies,  532 

in  European  theater,  535 
in  ^Mediterranean  theater.  441-442.  525- 
527.  535 

surgical  policies,  530-531 
Excisional  surgery,  in  chronic  parietal 
sinuses  180-181 

Exercise  tolerance,  after  chest  wounds,  202 


574 


INDEX 


Expectant;  trentiiieiit,  in — 
infolded  lnng\  185 
organizing  lieiuotliorax,  240 
Expectoration,  in  blast  injuries,  40,  41 
Experimental  blocking  of  pulmonary  artery, 
ITn 

Experimental  cardiac  tamponade,  89 
Experimental  studies,  on — 
blast  injuries,  34-30 
broncliospasm,  231 
cardiac  tamponade,  89 
in tra cardiac  foreign  bodies,  350 
thoracic  contusions,  66 
thoracic  trauma.  209 
Exploration  : 

at  decortication,  290-291 
in  bronchogenic  cysts,  437 
in  mediastinal  ^younds,  20 
in  thoracoabdominal  wounds,  110-111 
in  wounds  of — 
bronchi,  22 
esophagus,  27 
kidney,  538 
spleen,  538 

Exploratory  thoracotomy,  techniijue  of,  402 
Exposure : 

at  decortication.  280-290 
contributory  to  pneumonia,  533 
in  cardiac  surgery,  89 
in  removal  of — ■ 
foreign  bodies,  346 
intracardiac  foreign  bodies.  369 
migratory  foreign  bodies,  392 
of  mediastinal  neoplasms,  438 
re.^piratory  infections  after,  213 
Exteriorization  of  colon,  115,  118,  123,  127- 
128,  538 

Extracardiac  approach  to  heart,  370 
Extracardiac  removal,  of  ventricular  foreign 
bodies,  375 

Extracostal  hematoma,  266 
Extracostal  musculature,  atrophy  of,  in 
clotted  hemothorax,  265 
Extraperitoneal  closure,  of  colostomy,  128 
Extrapleural  approach,  in  thoracoabdominal 
wounds,  12 

Extrapleural  hemorrhage,  in  blast  injuries, 
40 

Extrapleural  mediastinotomy,  178,  394 
Extrapleural  removal  of  foreign  bodies,  246, 
394 

in  chest  wall.  394 


Extrapleural  techniipie,  in  cardiac  surgery, 
89 

Extrasystoles — 

during  intracardiac  maneuvers,  376,  378 
in  cardiac  wounds,  52 
Extrinsic  tumors,  about  esophagus,  439 
Exudates,  in — 
hemothorax,  248 

organizing  hemothorax,  247,  249,  254 

Factors  of  mortality,  in  thoracoabdominal 
wounds,  138-141 

Failure  of  resuscitation,  in  cardiac  wounds, 
52 

Faloiu  ilaj.  W.  H.,  529 
Fascia  : 

closure  of  sucking  wounds  by,  10 
repair  of  chest  wall  defects  by,  412 
Fascia  propria,  drainage  through,  128 
Fat  embolism,  32, 140, 161,  539 
in  blast  injuries,  43 
Faucompierre,  477 

Federal  Records  Center,  General  Services 
Administration,  443 
Femur,  fractures  of,  141 , 306 
Fibrillation,  in  cardiac  wounds,  52 
Fibrin : 

deposition  of,  after  wounding.  507,  526 
formation  of,  in  hemothorax,  245,  246-247 
Fibrin  component,  of— 
hemothorax,  248 

organizing  hemothorax,  248,  249-250.  251, 
252,  253,  255,  258-259 
peel  (rind),  249,  250,  251,  252,  253.  378 
Fibrin  foam,  plugging  of  pulmonai-y  leaks 
with,  at  decortication,  295 
Fibrinolibrinous  peel,  250 
Fibrinopurulent  pericarditis,  391 
Fibrinous  pericarditis,  65 
after  cardiac  surgery,  95 
Fibroblastic  proliferation,  249 
in  organizing  hemothorax,  255 
Fibrocaseous  tuberculomas,  426 
Fibrolysin,  247 
Fibroplasia,  in — 

organizing  hemothorax,  256 
uninfected  organizing  hemothorax,  287 
Fibroplastic  peel,  250 
Fibrosis — • 

about  retained  foreign  bodies,  329 
as  indi(‘ation  for  lamioval  of  retained  for¬ 
eign  bodies,  545 
in  organizing  hemothorax.  258 
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Fibro.sis^ — Continued 
of  lung,  258-259 

in  liemotlioracic  empyema,  275 
with  delayed  decortication,  540 
Fibrothorax,  23,  238,  259,  280,  283. 

diagnosis  of,  265 
Field  hospitals : 

case  fatality  rate,  of  thoracoabdominal 
wounds  in,  137 

liemotlioracic  empyema  in,  271 
initial  wound  surgery  in,  530,  535 
management  of — 
hemorrhage  in,  F53 
sucking  wounds  in,  9,  541 
thoracoabdominal  wounds  in,  101-102, 
111,  117 

morphine  overdosage  in,  212 
negative  explorations  in,  110-111 
overhydration  in,  213 
thoracentesis  in,  239 
vascular  injuries  in,  244,  348 
See  also  Hosihtals,  field. 

Fifth  U.S.  Army,  113,  207,  442 
Fingers,  clubbing  of,  273 

Fistula  formation,  in  multiple  empyemas, 
277-278 
Fistula  (s)  : 

of  esophagus,  439,  542 
See  also  special  types. 

Fitzsimons  General  Hospital,  405,  412,  424, 
425,  433,  480 
Fixation,  of — 

chest,  in  blast  injuries,  40,  41 
migratory  foreign  bodies,  before  removal, 
393 

Fixed  hospitals.  Sec  Hospitals,  fixed. 

Flail  chest,  12-16, 183,  212,  219 
effect  of,  on  cough  reflex.  212 
managejnent  of,  16 
wet  lung  in,  235 

Flatulence,  in  diaphragmatic  hernia,  193 
Fluid  balance,  in  thoracoabdominal  wounds, 
126 

Fluoroscopic  localization,  of  foreign  bodies, 
328,  336-338,  353 

Fluoroscopic  studies,  in  hemothorax,  244 
Fluoroscopy,  in — 

bronchogenic  cysts,  437 
cardiac  tamponade,  60 
cardiac  wounds,  53-55 
migratory  foreign  bodies,  391-392 
pericardial  wounds,  65 


Fluoroscopy,  in — Continued 
wounds,  of — 
esoiihagus,  28 
great  vessels,  85 

Flutter  valve,  management  of  sucking 
wounds  by,  9, 11 
Flutter  valve  drainage — 
during  transportation,  553 
in  tension  pnei^inothorax,  149 
Followup  studies — • 

after  separation  from  service,  441-527 
on  thoracoabdominal  wounds,  138 
Foreign  bodies,  526,  540,  541 
adjacent  to  heart,  395 
anatomic  location  of,  353-355 
as  cause  of— 

bronchial  occlusion,  416 
chronic  parietal  sinuses,  180 
draining  sinuses  of  chest  wall,  412 
as  indication  for  primary  thoracotomy, 
328,  532,  535,  553 
associated  with— 
bronchopleural  fistulas,  171 
hematoma  of  lung,  166 
bronchopleural  fistulas  after  removal  of, 
309,  543 

complicating  liemotlioracic  empyema,  309 

embolic  to  heart,  99 

followup  studios  on,  513-522,  523 

hemoptysis  with,  540 

hemothorax  with,  546 

in  (about)  great  vessels,  49-100,  326.  328. 

348,  353-395,  545 
indications  for  removal  of,  380 
in  chest  wall,  408,  451,  523 
in  diaphragm,  394 
in  dome  of  diaiihragm,  138 
in  esophagus,  439 
in  European  theater,  353-395 
in  etiology  of  bronchopleui'al  fistulas,  543 
in  heart,  49-100,  353-395 

indications  for  removal  of,  86-88 
in  hemothorax,  273 
in  liver,  110, 118,  394,  523,  542 
followup  studies  on,  446,  450 
in  lung,  408,  462,  523 
wedge  resection  of,  18 
in  lung  abscess,  177 
in  mediastinum,  20,  380,  394,  408,  468 
in  Mediterranean  theater,  325-351 
in  myocardium,  69,  89 
in  organizing  hemothorax,  282,  288 


F oreigii  bodies — Continued 
ill  pericanliuni.  04,  05,  80,  394,  513 
in  pleura,  394 

in  pulmonary  artery,  ITn,  294 
in  re.aiou  of  diapbragni,  523 
in  sulipbreiiic  space,  394 
in  tln>racoa1)doininal  wounds,  123-124,  137, 
470 

in  vertebral  column,  394 
in  Zone  of  Interior,  400,  401,  407-412,  543- 
540 

incidence  of,  325 

complications  of,  349-351 
indications  for  removal  of,  117,  32.5-328, 
307-408,  513 
localization  of.  353 

by  diagnostic  pneumoperitoneum,  341- 
344 

by  diagnostic  pmMuiiotborax,  337 
in  Zone  of  Interior,  408-409 
location  of.  ;)32 
management  of : 

at  decortication,  290,  295 
in  oversea  hospitals,  544-545 
removal  of,  180,  249ii 
in  tixcHl  hospitals.  449.  450.  513 
in  sucking  wounds.  10 
role  of,  in — 

bronclntpleural  fistulas,  170 
infections,  240 

statistics  of,  327,  348-351,  393-395,  407- 
408 

teclini(iues  of  removal  of,  34G-348 
timing  of  removal  of,  328-332 
wedge  resection  of,  IS 
Foreign  Body  Registry,  407.  54G 
Formal  incision,  in  laanoval  of  foreign 
bodies,  329 

Formal  thoracotomy,  in  sucking  wounds,  10 
Forward  hospitals : 

cardiac  surgcnw  in,  88-89,  94 
deaths  in,  529-530 
debridement  in,  445 
hematoma  of  lung  in,  49G 
management  of— 
atelectasis  in,  1G4 
hemothorax  in,  401,  404 
wounds  of  esophagus  in,  27-28 
pneumoperitoneum  in,  110 
primary  Ihoracotomy  in,  301.  441,  442,  539, 
544 


Forward  hospitals — Continued 
thoracotomy  in — ■ 

followup  studi('s  on.  441-442,  445 
incidence  of,  271 

indications  for,  in  hemorrhage  in,  155 
lacerations  of  lung  in,  4G2 
Fowler’s  position,  in — • 
catheter  aspiration,  221 
wet  lung,  217 
Fractures,  533 

associated  with  chest  wounds,  413 
fat  embolism  with,  IGl 
of  clavicle.  11, 413 
of  femur,  141,  30G 
of  glenoid  fos.sa.  12 
of  ribs,  11-1 G.  212.  413 

effect  of,  in  cough  reflex,  212 
in  crushing  injuries,  30 
in  followed-up  casualties,  451 
in  thora(‘oabdoininal  wounds,  102 
in  wet  lung,  232 

management  of,  at  decortication,  289 
of  scapula  ,  12,  44^5,  413.  451 
of  shoulder  girdle.  44-45 
of  spine,  451 
of  sternum.  212,  451,  540 
of  vertebrae,  45 

aJxo  special  types  and  areas. 

France,  442.  477,  481.  487,  493,  508 
Fimxcii,  IMaj.  R.  IM..  37 
Friction  rub.  after  cardiac  surgery,  94 
Fulminating  empyema,  in  wounds  of  esopha¬ 
gus,  25,  28 

Fundal  hemorrhage,  in  ecchymotic  mask,  31 
Fungus  infections,  in  Pacific  Ocean  areas, 
399 

Fuxk.  F.  II..  197 

Fusion  of  ril)S.  in  emp.vcnna,  274 

Gallbladdc'r,  wounds  of,  103,  121 
Ganglioneuromas,  of  mediastinum.  437 
Gangrene — ■ 

caused  by  migrator.v  foreign  bodies.  392 
of  coh)n,  iji  diaphragmatic  hernia,  191,  196 
of  extremity,  caused  by  embolic  foreign 
body.  391 
of  lingula,  391,  392 
of  lung,  178 
Gast  ric  contents  : 

aspiration  of.  222,  228 
blood  ill.  109 

evacuation  of,  in  thoracoabdominal 
wounds,  113 

pleural  contamination  liy.  115 
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Gastric  contents — Coiitiiinod 
spillage  of.  into — • 
pcricardinin,  08 
plenral  cavity.  103 
Gastric  .juice,  litinus  test  of,  2G-27 
Gastric  siplionage  after  tlioracoabdoniinal 
surgery,  12(1 

Gastrointestinal  decompression,  in — 
thoracoabdominal  wounds,  12G 
wet  lung,  217 
Gastropleural  fistula,  133 
Gastrorrhapliy,  123,  127.  538 
Gastrostomy,  in — ■ 

traclieo(‘sophageal  wounds.  542 
wounds  of  esophagus.  27,  28 
Gay,  Lt.  Col.  E.  D.,  520 
General  anesthesia,  in  blast  in.juries,  42 
Gemu-al  status,  after  decortication,  306 
General  surgical  teams,  2d  Auxiliary  Surgi¬ 
cal  Group,  532 

German  prisoners  of  war.  thoracoabdominal 
wounds  in,  136 
Germany.  442,  406,407,  520 
Ghaioid  fossa,  fradaires  of,  12 
Glottis : 

closure  of,  in  cough  mechanism,  211,  212 
influence  of  status  of,  in  sucking  wounds, 
5 

Gloucestershire,  353 
Ga AiTATir,  E.  A.,  5,  273,  280 
Granulation,  healing  b.v,  in  draining  sinuses 
of  chest  wall,  412-413 
Great  vessels : 

compression  of,  in  mediastinal  emphysema, 
150 

fo]*eign  bodies  in  (about),  326,  328,  348, 
353-305.  545 

wounds  of,  85.  468,  525,  532 
Gross  pathology,  of  chronic  hemothorax, 
240-255 

Gunzenhaus(m,  407 
Gutter  wounds.  180 

HAm  ruLD.  G..  34,  38,  39 
llAKirrr,  C.,  224 

Halloran  General  Hospital,  402.  402fn,  405, 
400,  410.  411,  413.  426 
Hammond  General  I-Tospital,  405 
IlAinnxciTOX,  S.  IV.,  437 

Hazards  of  diagnostic  itneumothorax,  338- 
340 

Head  wounds.  46,  513 
wet  lun.g  in,  211,  216 


Healing,  by — • 

granulation  of  draining  sinuses  of  chest 
wall,  412^13 
secondary  intention,  450fii 
Heart : 

behavior  of,  during  cardiac  surgery,  375- 
379 

causes  of  death  in  wounds  of,  97 
clinical  picture  in  wounds  of,  51-57 
contusions  of,  63,  65-69,  97,  98 
dia.gnosis  of  wounds  of,  51-57,  88 
dislocation  of,  at  operation,  375,  376-378 
effect  of  hemothorax  on,  263 
foreign  bodies  in  (about),  49-100,  325.  326, 
353-395 

hemorrhage  from,  154,  535 
incidence  of  wounds  of,  49-50,  85 
lacerations  of,  63.  60-74,  94,  97,  98 
lethality  of  wounds  of,  72,  98-99 
management  of — ■ 

penetrating  (perforating)  wounds  of, 
71-78,  99 

wounds  of,  85-89.  94 
mortality  rate  in  wounds  of,  96-97 
overlooked  wounds  of,  534 
pathogenesis  of  contusions  of,  66 
pathologic  process  in  contusions  of,  66-67 
penetrating  wounds  of,  71-78,  97 
perforating  wounds  of,  63,  71-78,  97,  99 
stab  wounds  of,  81—85 
statistics  of  wounds  of.  94-99 
throu.gh-and-through  wounds  of,  93 
timing  of  surgery  iii  wounds  of,  88-89 
wounds  of,  20,  49-100,  244,  525-532.  534, 
536,  540 

in  thoracoal)dominal  wounds,  103 
Sec  al^o  Cardiac;  rericardial ;  special 
regions. 

Hematocrit  determinations,  in- 
hemorrhage,  154 
thoracoabdominal  wounds,  126 
Hematoma : 

complicating  foreign  Itodies,  353 
ditferentiation  of,  from  luanothorax,  256 
formation  of,  about  foreign  bodices,  393 
identity  of  hemothorax  with,  261 
of  lung,  145,  149,  1()5-169,  526,  540 
followup  studies  of,  496-501 
of  mediastinum  in  wounds  of  esophagus, 
27 

of  organizin.g  hemothorax  to,  250 
re.semblance  of  liemothorax  to,  302 
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Hematopoietic  neoplasms,  488 
Ilematuria,  109 

Hemiazygos  vein,  laceration  of,  153 
Heiiiicliapliragm,  reattacliment  of,  in  parietal 
defects,  188 
Hemiplegia,  850 
after  cardiac  surgery,  95 
Hemitliorax,  contracture  of,  287.  205 
Hemolytic  streptococcic  infection,  of  medi¬ 
astinum,  ITS 
Hem  oper i  tonenm ,  588 
Hemoptysis,  401,  413 

caused  by  foreign  l)odies,  327,  34S,  407,  410, 
513,  523,  524,  540,  544,  545 
in  imlmonary  artery,  S4n 
in  blast  injuries,  40,  41 
in  eccliymotic  mask,  31 
in  bematoma  of  lung,  160,  490 
in  tlioracoabdominal  wounds,  109 
in  wet  lung,  207,  215,  210-217 
Hemorrhage,  145, 153-150 
after  decortication,  402-403 
after  thoracentesis,  209,  520 
as  cause  of  death.  534 

in  cardiac  wounds,  71,  72,  99.  348 
as  indication  for— 
cardiac  surgery,  89 

primary  thoracotomy,  525,  582-585,  530. 

551-553,  554 
thoracotomy,  209 
at  decortication.  289,  291-208 
caused  by  foreign  bodies,  849,  520,  544 
in  myocardium,  88 

caused  by  migratory  foreign  l)odies,  892 
control  of,  at  cardiac  surgery,  01 
diagnosis  of,  154-155 

from  intercostal  muscles  in  l)last  injuries, 
39 

from  pulmonary  lacerations,  140 
hematoma  formation  after,  105 
in  blast  injuries,  32,  39,  41 
in  cardiac  contusions,  07,  68 
ill  cardiac  wounds,  52,  53,  58,  04.  71,  72.  07 
in  compound  fractures  of  ribs,  10 
in  contusions  of  lung,  18 
in  crushing  injuries,  30 
in  eccliymotic  mask,  31 
in  lacerations  of  lung,  154,  530 
in  mediastinal  wounds,  20,  408 
in  stab  wounds  of  heart,  84 
in  tlioracoalidominal  wounds,  112, 122, 144, 
537 

in  tracheobronchial  wounds,  22,  542 


H  e  nior  r  hage— Cont  in  u  ed 
in  wet  lung,  215,  210 
in  wounds  of — 
bronchi,  22 
kidney,  118 
liver,  122 
lung,  IS 
spleen,  100,  122 
incidence  of,  153 
management  of,  155 
Hemostasis : 

at  cardiac  surgery,  372,  375 
by  digital  technique,  392 
Hemostatic  cardiac  grip,  375,  378 
Heniothoracic  empyema,  237-324,  507.  523 
associated  with  paraplegia,  47 
bacteriology  of,  283 

clinical  picture  in,  205-266,  272-273,  270 
complicating  foreign  bodies,  346 
criteria  of  cure  in,  303 
decortication  in,  271,  2S3-2S4 
diagnosis  of,  205-200,  272-273 
in  Pacific  Ocean  areas,  809 
in  Zone  of  Interior,  400,  401,  404-407 
incidence  of,  238 
management  of,  275-278 
pathogenesis  of,  273 
pathologic  process  in,  281 
rib  resection  drainage  in,  270-277 
Hemothorax,  287-324.  520,  540,  541,  548,  546- 
549 

after  lobectomy,  420 

after  thoracoabdominal  surgery,  127 

as  cause  of — 

oxygen  deficiency,  52 
respiratory  emliarrassment,  112 
as  contraindication  to  extrapleural  cardiac 
surgery,  90 

as  hemostatic  agent,  197 
aspiration  in,  404 

associated  with  shock,  priority  of  manage¬ 
ment  of,  541 

clinical  picture  of,  263-207 
concept  of,  237-238 
diagnosis  of,  203-207 
differential  diagnosis  of,  200 
etiology  of,  238 
followup  studies  in,  500-513 
in  base  hospitals,  239 
in  contusions  of  chest  wall,  4 
in  crushing  injuries,  30 
in  eccliymotic  mask,  31 
in  thoracoalidominal  wounds,  109 
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Ileiiiotlioriix — ^Coiil  iiiuod 
in  wet  limit,  214,  215,  217,  282 
ill  wounds  of  esoplias'ns,  26 
in  Zone  of  Interior,  401 
incidence  of,  237,  288-243,  500,  530 
management  of : 

in  forward  hospitals,  401 
in  Zone  of  Interior  hospitals,  540 
simple  type  of,  207-270 
natural  history  of,  248-245 
nomenclature  of,  238,  254-255 
01‘igin  of,  158,  243-244 
pathophysiology  of,  208 
recurrence  of,  after  aspiration,  154 
relation  of  volume  of,  to  case  fatality  rates, 
530 

resemblance  of,  to  hematoma,  302 
role  of,  in  infolded  lung,  183 
statistics  of,  230 
aspiration  of.  271 
See  also  special  varieties. 

Hepatic  abscess,  120, 130 

Hepatic  complications,  in  bronchiectasis,  41S 
Hepatic  flexure,  wounds  of,  128 
Hepatic  infection,  as  factor  in  mortality,  450 
riepaticocolic  ligament,  123 
Hepatitis,  513 

after  lobectomy,  420 
Hepatization,  of  lung,  38 
tiepatopleural  fistula,  538 
Hernia,  of — 

diaphragm  in  Zone  of  Interior,  401 
lung,  145,  107-202 

in  Zone  of  Interior,  401 
management  of,  108-100 
See  also  special  varieties. 

Herniation : 

into  pleural  cavity,  130 
of  abdominal  contents  through  diaphragm, 
103,  130,  186 

of  colon  into  chest,  101, 103 
of  hollow  viscera  into  chest,  103 
of  liver  into — 
chest,  101, 103 
chest  wall  defect,  107 
of  lung  at  decortication,  201 
of  omentum  into  chest,  103, 108 
of  spleen  into  chest,  103 
of  stomach  into  chest,  101,  103 
riKUER,  G.  J.,  31 

Hiatal  hernias,  of  esophagus,  430 
Hilar  blood  vessels,  wounds  of,  10 
Hippocrates,  273 


Histology,  of  malignant  neoplasms,  433 
Histopathology,  of  organizing  hemothorax, 
255-201 

Plistorical  note,  on  hemothorax,  237 
Historical  Unit,  U.S.  Army  Medical  Service, 
413,  520 

History,  in  thoracoabdominal  wounds,  108, 
110 

Hodgkin's  disease,  430-437 
Hoeflicii,  Capt.  W.  r.  A.,  442 
Holding  period,  in — 
forward  hospitals,  530 
Mediterranean  theater,  449,  451 
Hollow  viscera : 

herniation  of,  into  chest,  193 
wounds  of,  100, 115, 139, 140 
Holtz,  Col.  J.,  155 
Hospital  Center,  15th— 353 
Hospital,  53d  Station,  240 
Hospitalization : 

after  forward  thoracotomy,  446 
duration  of,  in  thoracoabdominal  wounds, 
138 

Hospitals,  base : 

cardiac  surgei’y  in,  88-89 
decortication  in,  287 
hemothoracic  empyema  in,  271 
hemothorax  in,  230 
management  in,  of — 
atelectasis,  104-105 
clotted  hemothorax,  302-303 
thoracoabdominal  wounds,  102.  127-133 
wounds  of  esophagus,  28 
pulmonary  resection  in,  18 
removal  of  foreign  bodies  in,  320 
removal  of  intracardiac  foreign  bodies  in, 
72 

thoracentesis  in,  270 

See  also  Hospitals,  fixed;  Hospitals,  gen¬ 
eral  ;  Hospitals,  station. 

Hospitals,  evacuation : 
llth-M42 
30th— 500 
3Sth— 12,  207 

94th— 442,  459,  403,  474,  515,  518 
Hospitals,  held : 

11th— 442,  453,  408,  477,  487,  493,  502,  508, 
523 

54th— 482 
60th— 382 
00th— 442,  497,  502 
SOth— 442 
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Hospitals,  fixed  : 

blast  iiijiivies  in,  474 
den  tils  in,  4o0,  530 

delayed  primary  wound  closure  in.  412 
mana.ueiiumt  of  foreign  bodies  in,  520 
removal  of  foreign  bodies  in,  328-332,  349- 
350,  351.  513 

reparative  surgxn-y  in.  on  followed-up 
casualties,  440 

See  ahso  Hospitals,  base;  Hospitals,  gen¬ 
eral  :  Hospitals,  station. 

I-Iospitals.  g‘eneral : 
naiiHHl : 

Ilarnes.  405 
Ilattey.  401 
Itrooke,  400 
HeWitt,  473 

Fitzsimons,  405.  412,  424,  425,  433,  480 
Halloran.  402.  402u.  405,  400,  410,  411, 
413. 420 
Hammond,  405 

Kennedy,  180n.  410,  417,  431,  432,  434, 
430,  480.  520,  530-554 
^ladigan.  510 
1‘ercy  Jones.  410 
Valley  Forge,  475 

Walter  Reed,  197,  190,  202.  204,  400,  401. 
405.  407.  408,  410,  424,  428.  432,  405. 
400.  523 
numbered : 

12tli— 300-308 

21st— 10,  20.  45, 105, 173,  271,  300 
23d— 175,  480,  403,  523 
24th— 400 
33d— 405 

30111-300-308,  480 
40111^01 
70111—131 
128tli— 381 
154rli— 383 
155111—303-305 
150th— 300 

100th— 353.  357,  307,  374,  378,  380,  381. 

383,  380,  300.  301,  302 
300th— 230,  300 
Hoyt,  Lt.  Col.  AY.  F..  405.  413 
IIUDSOY.  Ala.).  T.  R.,  ISOn 
Hi  oiTES,  Ataj.  F.,  180n.  410 
Huplemont,  451 
Hypernea.  102,  232 

Hypotension,  in  cardiac  tamponade.  50 


Hypoxia,  in— 
hemothorax,  207 
wet  lung,  232 

Ileum,  wounds  of,  123 
Ileus : 

effect  of,  on  cough  reflex,  212 
in  thoracoalidominal  wounds,  538 
in  wet  lung,  217 
Immobilization,  of— 

diaphragm,  in  cloltt'd  hemothorax,  205 
shoulder,  in  fractures  of  scapula.  12 
Inadequate  bronchial  drainage,  179 
InadiHiuate  del iri dement.  240 
disruption  after,  173-174 
Inadeiiuate  oxygenation  of  alveoli,  in  wet 
lung,  200 

Incarceration  of  stomach,  in  diaphrag¬ 
matic  hernia,  103 
Incidence,  of— 
atelectasis,  103,  210-211,  232 
bilateral  bronchiectasis,  418,  420 
blast  injury,  32-33 
bronchiectasis,  415— HO,  41S,  420 
bronchogenic  c.vsts.  437 
bronchopleural  tistulas,  543 
cardiac  tamponade.  58 
cardiac  wounds.  40-50,  85 
chronic  empyema,  540-551 
chronic  parietal  sinuses.  180 
civilian-type  empyema.  242 
clotted  hemothorax,  230 
complications,  of — 
lol.»ectomy,  420 

retained  foreign  bodies.  340-351, 544 
thoracoabdominal  wounds,  120 
compound  fractures  of  ril)s,  12 
concomitant  wounds,  43 
defects,  of  chest  wall,  412 
diaphragmatic  hernia,  1SG-1S7 
ecchyinotic  mask.  31-32 
einpyem a ,  535-530 

after  wound  disrnption,  0 
in  Aledil  erranean  theatei’,  301-302 
in  sucking  wounds,  11 
in  AVorld  AVar  I,  240 
in  Zone  of  Interior  hospitals,  549-551 
with  retained  foreign  Ijodies,  349 
flail  chest,  12 
hematoma,  of  lung,  105 
liemotlioracic  empyema,  238 
in  Zone  of  Interior,  404 
hemothorax,  237,  238-243,  500 
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Iju'ideiico,  of — Coiitiiuied 
lioniia,  of  luii.£i‘.  197 
infected  licmotliorax,  .joo-.jo6 
after  primary  thoracotomy,  54G-549,  553 
infection,  after- 

primary  removal  of  foreign  bodies,  544- 
545 

])rimary  thoracotomy,  55o 
thoracentesis,  549 
infolded  lung,  1S3 
lacerating  wounds,  531 
lipomas,  of  mediastinum,  43S 
lung  abscess,  175,  232,  42S,  535-536 
malignant  neoplasms,  433 
mediastinal  abscess,  178 
mediastinal  wounds,  19,  40S 
migratory  foreign  bodies,  78,  3S0-3S1 
osteomy{4itis,  179-180 
penetrating  wounds,  531 
])erforating  wounds,  531 
]>neumonitis  (pneumonia),  178-179 
postseparation  diseases,  524-525 
pressure  (tension)  pneumothorax,  148- 
149 

pulmonary  hernia,  197 
pulmonary  tuberculosis,  424 
residual  symptoms,  following  chest 
wounds,  202 

retained  foreign  bodies,  325 
shock,  531 

statistical  definition  of,  242n 
surgical  emphysema,  157 
thoracoabdominal  wounds,  101, 130 
thymomas,  438 
tracheol.tronchial  wounds,  21 
tracheoesophageal  wounds,  512 
tubercul  oi n  a ,  425-426 
Avot  lung,  211,  501,  502 
wound  infection,  412 
wounds,  of — 
colon,  541 
esoidiagus,  24 
kidney,  541 
liver.  541 

small  intestine,  541 
spleen,  541 
stomach,  541 
aS'cc  also  St:itistics. 

Incision  ; 

for  decortication,  288,  289-290 
for  removal  of  foreign  bodies,  340,  394 
for  removal  of  intracardiac  foreign  bodies, 
370-375 


In  ci  s  i  ( )n— C  on  t  i  nu  ed 

in  thoracoabdominal  Avounds,  116-117, 
537-538 
in  wounds  of — 
esophagus,  27 
heart,  89-91 
8V’c  aUo  Techniques. 

Incompatibility  reaction,  140 
Indications,  for— 
blood  replacement,  531 
bronchial  aspiration,  in  wet  lung,  223-224, 
227-229 

catheter  aspiration,  in  Avet  lung,  223-224 
decortication,  260,  271,  279,  281-286,  405- 
406 

diagnostic  pneuniolhorax,  338-339 
drainage,  in  thoracoabdominal  Avounds, 
120-121 

exploration,  in — 
blast  injuries,  40 
mediastinal  wounds,  20 
thoracoabdominal  Avounds.  110-111 
Avounds,  of  bronchi,  22 
forward  thoracotomy,  441-442,  445-446 
lobectojny,  19 

in  bronchiectasis,  417-418,  421 
in  tuberculosis,  425 

nonclosure,  of  cardiac  lacerations,  91-92 
paravertebral  nerve  block,  in  Avet  lung, 
219,  221 

l)rinia.ry  decoidication,  in  hemothoracic 
empyema,  276 

primary  thoracotomy,  525,  530,  532,  535, 
551-553,  554 

pulmonary  repair,  17-18 
removal,  of — ■ 
bone  fragments,  117 
foreign  bodies,  in — 

(about)  great  vessels,  380 
pulmonary  arteries,  78.  79n 
intracardiac  ( juxtacardiac)  foreign 
bodies,  56,  86-88,  355-368 
intrahepatic  foreign  bodies,  110 
migratory  foreign  bodies,  78,  392 
retained  foreign  bodies,  117,  325-328, 
395, 544-546 

in  Zone  of  Interior,  407-408 
rib  resection  drainage,  277 
selection  of  therapy,  in  hemothoracic 
empyema,  276 


IiKli  cal  ions,  for — Conti  lined 
surgery,  in — 

broncliopleural  fistulas,  171 
cardiac  contusions,  68 
cardiac  wounds,  72,  S7-SJ),  OS-OO 
mediastinal  tumors.  IMS-lol) 
pericardial  wounds,  (>1 
pulmonary  lieinatomas.  IGG 
tlioi'acoabdominal  wounds,  102 
tuberculomas,  420 
tuberculosis,  424,  426 
wounds,  of  tracliea,  22 
thoracentesis,  267,  .141) 
in  infected  hemothorax,  27.1 
thoracotomy  in — 

conii)ound  fractures  of  ribs,  16 
hemorrhage,  15.1 

transdiaphragmatic  approach,  in  thora¬ 
coabdominal  wounds,  .1.17-538 
transthoracic  approach,  in  thoracoahdomi- 
nal  wounds,  138 
wedge  resection,  of  lung,  IS 
Indigestion,  in  diaphragmatic  hernia,  103 
Inductees,  screening  of,  140,  424 
Induction,  roentgenologic  examination  be¬ 
fore,  416 

Industrial  compensation,  524 
Indwelling  catheter,  in  wet  lung,  227 
Infected  hematoma  : 
complicating  foreign  bodies,  353 
management  of,  at  decortication,  205 
Infected  hemothorax,  237,  238,  230-243,  261. 
272-273,  506-507,  540.  546-540 
antecedent  to  empyema,  240 
caused  by  bone  fragments,  16,  535 
complicating  paraplegia,  47 
criteria  of  cure  in,  303 

differentiation  of,  from  hemothoracic  em¬ 
pyema,  272-273 
incidence  of,  535-536 
management  of,  275-278 
rib  resection  drainage  in,  310-311 
statistics  of,  307-308 
with  retained  foreign  bodies,  535 
Infected  organizing  hemothorax : 
bacteriology  of,  282-283 
decortication  in,  282-283 
differentiation  of,  from  hemothoracic  em- 
l)yema,  283-284 
Infection : 

after  closure  of  sucking  wounds,  0 
after  primary  thoracotomy,  553 
after  primary  wound  closure,  541 


Infection— Continued 
after  removal  of  foreign  bodies,  3t)4 
afttu'  thoracentesis.  260.  553 
as  cause  of  wound  disruption,  174 
as  indication  for  removal  of — 
foreign  bodi(\s,  327 
intracardiac  fordgn  bodies,  356 
caused  by — ■ 

retained  foreign  bodies,  32-5,  303-.304, 
395,  411,  523,  544-545 
foreign  bodies  in  (about)  great  vessels, 
380 

migratory  foreign  l)odies,  78,  391,  392 
rib  fragments,  16 
complicating  atelectasis,  164-165 
effect  of,  in  organizing  hemothorax,  251, 
258 

in  cardiac  wounds,  98 
in  coastal  cartilages,  117,  180-181,  412, 
540 

in  etiology,  of  l)ronchopleural  fistulas,  543 
in  pericardial  wounds,  64 
in  scapular  fractur(‘s,  44 
in  thoracoabdominal  wounds,  115 
in  wet  lung,  215 
in  wounds,  of  liver,  118 
of  Itronchogenic  cysts,  437 
of  chest  wall,  in  followed-up  casualties, 
449 

of  fractures,  of  clavicle,  11 
prophylaxis  of — 

by  early  decortication,  287 
ill  sucking  wounds,  9 
Inferior  cervical  ganglion,  ])lock  of.  46 
Inferior  vena  cava  : 

migration  of  foreign  liody  in,  390,  .539 
wounds  of,  539 

Inflammatory  effects,  of  unaltered  blood,  245 
Influenza,  antecedent  to  empyema,  274 
Infolded  lung,  145, 18.3-186 

diff(u*enliation  of,  from  liemothorax,  260 
in  organizing  hemothorax,  259 
management  of,  18.5-180 
at  decortication,  295-296 
Infusions,  at  operation,  114 
Inhalation  anesthesia,  in  wet  lung,  213 
Initial  wound  surgery : 
followup  studies  in,  445-448 
in  clearing  stations,  530 
removal  of  foreign  bodies  at,  544 
thoracotomy  at,  441,  442 
Innominate  aneurysm,  45 
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Innominate  artery : 

foreign  bodies  adjacent  to,  394 
migratory  foreign  bodies  in,  389-390,  393 
wonnds  of,  244 

Innominate  vein,  laceration  of,  lo3, 15G 
Inspiration,  in  cough  iiiechanism,  241 
Instability  of  chest  wall,  after  thoracola¬ 
parotomy,  117 
Instillation,  of  penicillin — 

after  closure  of  sucking  ^YOunds,  11 
after  decortication,  298,  300 
after  surgery,  127,  240 
for  foreign  bodies,  347,  394 
in  infected  hemothorax,  275 
Intel-auricular  septum,  72 
Intercostal  aneurysm,  45 
Intercostal  artery : 
hemorrhage  from,  535 
laceration  of,  244 

Intercostal  catheter,  thoracentesis  by,  532 
Intercostal  decompression,  in- 
pulmonary  lacerations,  52G 
tension  pneumothorax,  151 
Intercostal  drainage,  in — 

bronchopleural  fistulas,  170-171 
hemothorax,  507 
infected  hemothorax,  275 
sucking  wounds,  11 
thoracoabdominal  wounds,  120-121 
Intercostal  incision,  for  decortication,  289- 
200 

Intercostal  muscle  suture,  in  sucking 
wounds,  10 

Intercostal  muscles,  involymeiit  of,  in  blast 
injuries,  39 

Intercostal  nerve  block,  23G,  525,  532 
after  thoracoabdominal  surgery,  12G 
at  decortication,  297 
at  thoracotomy,  222,  223 
effect  of,  21 9-221 
in  atelectasis,  1C5 
in  blast  injuries,  42 
in  compound  fractures  of  rib,  12 
in  cosi  ochondral  separations,  11 
in  differential  diagnosis,  of  thoracoab¬ 
dominal  wounds,  109 
in  flail  chest,  16 

in  management  of  residual  symptoms,  203, 
204 

in  rib  fractures,  11 

in  thoracoabdominal  wounds,  112, 115 
in  wet  lung,  219-223 


Intercostal  nerve  block — Continued 
in  wound  disruption,  174 
results  of,  222-223 
technique  of,  221-222 
Intercostal  nerves : 
damage  to,  202 

prevention  of  surgical  trauma  to,  204 
Intercostal  spaces  : 

dysfunction  of,  in  organizing  hemothorax, 
281-282 

narrowing  of,  in — 

clotted  hemothorax,  2G5 
infolded  lung,  185 
wet  lung,  21G 

Intercostal  structures,  closure  of  sucking 
wounds  by,  10 
Intercostal  vessels : 
hemorrhage  from,  153,  420-53G 
lacerations  of,  154,  243-244 
recurrence  of  hemorrhage  from,  155 
Intercostal  water-seal  drainage,  in — 
clotted  hemothorax,  2G3 
sucking  wounds,  541 

Intermittent  sucking,  of  diest  wound.  5 
Internal  mammary  artery  : 
arteriovenous  fistula  of,  450 
hemorrhage  from,  153, 154,  535,  536 
wounds  of,  244 
Internal  pneunionolysis,  407 
Internal  sucking  wounds,  105 
Interventricular  septum,  72 
Intestinal  contents,  pleural  contamination  by 
spillage  of,  103, 115 
Intestinal  obstruction,  in- — 
biliary  peritonitis,  133 
diaphragmatic  hernia,  191 
thoracoabdominal  wounds,  12G 
Intestines,  perforations  of,  112 
Intra-abdominal  damage,  in  thoracoab¬ 
dominal  wounds,  103 

Intra-abdominal  pressure,  after  blunt  trau¬ 
ma,  60 

Intra-arterial  migration,  of  foreign  bodies, 
33-40,  62,  380-393 
Intracardiac  foreign  bodies,  94 
Intracardiac  maneuvers,  375,  378-379 
Intracardiac  thrombosis,  378 
Intrahepatic  abscess,  in  hepatic  lacerations, 
129 

Iiitraperitoneal  closure,  of  colostomy,  128 
Intrapleural  adhesions,  in  retained  foreign 
bodies,  329 


Intr.-ipleiiral  bleodiiiii’.  as  cause  of  tension 
pneumothorax.  14s 

Inti’apleural  {hK-oinpressicm.  in  lacer:it i(His 
of  lung,  402 

Intrapleural  fluid  collections,  differentiation 
of,  from  pulmonary  hematoma,  10(> 
Intrapleural  foiaugii  l»odies,  oIS-o.ll 
Intrapleural  hemorrhag’o,  as  cause  of  death. 

Intrapleural  infection,  in  bronchopleural 
fistulas,  171 

Int  ra pulmonary  foreign  bodies,  348-3ol 
adjacent  to  great  vessels,  3b3-3o4 
Intra  thoracic  hematoma.  4 
Intra  thoracic  manipulations,  as  cause  of 
cardiac  irritability,  371) 

Intratracheal  penicillin,  in  bronchiectasis. 
417. 41S 

Intravascular  migration,  of  foreign  })odies, 
7S-Sr».  380-303 
Intravascular  thrombi,  254 
Intravenous  adininistration,  of  morphine, 
212 

Intravenous  fluids,  rapid  admi  nisi  ration  of, 
161 

Intravenous  migration,  of  foreign  bodies, 
300-301 

Intravc'iious  pyelograms,  541 
Irradiat  ion.  for — 

c-arcinoma  of  lung.  433 
mediastinal  tumors,  43S-439 
Irreversible  changes,  in  bronchiectasis.  410 
Irreversible  sliock.  537 
Irritating  packs,  in  chronic  empyema,  275 
Italian  campaign.  86.  230 
Italy.  32.  40,  104,  300, 142.  502,  513,  520 

Jacksonian  convulsions.  304 
Jacobs,  5Iaj.  T.  T..  108,  175 
Jaundice,  513,  534 
after  lobectomy,  420 
as  factor  in  tnortality,  450 
associated  with — - 
cardiac  contusion.  08 
intracardiac  foreign  bf)dies.  356 
Jabvls.  5ra  j.  F.,  360 

Jejunostomy.  in  wounds  of  esophagus,  28 
Joiixsox.  Lt.  Col.  J.,  180n 
Joint  resection,  in  costochondral  separa¬ 
tions,  11 


Ktmnedy  General  Hospital.  ISOii,  191,  416, 
417,  431,  432,  434,  430,  486,  529,  539-554 
Ki: XT.  E.  H.,  438 
Kidmw  : 

drainage  in  Avounds  of,  538 
exploration  of,  538 
herniation  of.  into  chest.  193 
inddence  of  wounds  of.  541 
wounds  of,  103.  109, 115.  118, 121, 137 
Kinking  of  right  heart  A’cssels,  in  medi¬ 
astinal  flutter.  S 
Korean  war,  117,  524 

Laceralion(s)  : 
incidence  of,  531 
of  auricle,  92-93 
of  azygos  AXAin,  153 

of  Iflood  vessels,  by  bone  fragments,  535 
of  brachial  iflexus,  46 
of  cardiac  chambers,  09-70 
of  chest  wall.  3 
of  diaifliragm,  103 

in  crushing  injuries,  30 
of  esophagus.  26 
of  great  A'essels,  85 
of  heart,  03.  69-74,  04,  97,  98 
case  fatality  rat<‘s  in,  96-97 
nonsuture  of,  70,  91-92,  94,  95 
of  hemiazygos  A’ein,  153 
of  innominate  vein.  153, 156 
of  intercostal  ves.sels,  154,  243-244 
of  liver,  129 

of  lung.  16-17,  117.  145.  1.54,  155.  106,  170, 
272.  294.  326,  526,  532.  534,  536,  537- 
538,  540,  546,  549.  553 
hy  ril)  fragments.  170 
followup  studies  in,  462-468 
in  compound  fractures  of  ribs,  12 
in  1horacoa])df)minal  wounds.  103 
tension  pneumothorax  after,  145 
of  myocardium,  (59,  70,  98-99 
of  p(*ricardium,  64 
of  subclavian  artcuw.  156 
of  sulK-lavian  vein,  153 
of  superior  vena  caA  a.  153 
of  ventricle's.  58 
LAicrr.Y.  T.  C..  437 

Lamination  of  peel,  in  infected  hemothorax, 
203 

Lancet,  34 

Landings,  in  southern  France,  173,  442 
Landmines,  traumatic  amputations  from,  43 
Laxgstox.  :Maj.  H.  T..  307 


Kay.  :Maj.  E.  B..  lS9n.  416,  431,  439,  529 
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Laparotoiiiy — 

ill  blast  injuries,  40 
ill  tlioraeoabdoiniiial  wounds,  110 
incision,  in  tlioraeoabdoiniiial  wounds,  IIG 
Larynsoseopic  aid,  in  catbetci*  aspiration, 
224 

Larynx ; 

neoplasms  of,  488 
wounds  of.  20,  Ido 

Latent  infection,  in  organizing  lieinotliorax, 
2()8.  2S2-2S8 

Lateral  intercostal  drainage,  127 
Lateral  tboracotoniy.  in  tlioraeoabdoiniiial 
wounds.  117 
T,atissimus  dorsi.  22 
Lavage,  at  decortication.  290,  297 
Lavage  of  pleural  cavity — 
at  operation.  115. 120 
in  thoracoabdominal  wounds,  124 
Learning  curve.  189,  241,  530-531 
Leks,  Maj.  W.  M.,  44, 188 
Left  main  stem  bronclius  : 
catlieter  aspiration  of,  227 
wounds  of,  28 

Left-sided  thoracoabdominal  wounds,  123- 
125. 127-12S 
complications  of,  129 
management  of,  114 
Leiomyoma,  of  esoiiliagus,  439 
LcLezze,  408,  474.  515 
Letliality,  of— 

Idle  empyema,  129 
carcinoma,  of — 
esophagus,  434 
lung.  433 

cardiac  contusions,  70 
cardiac  tamponade,  58 
cardiac  wounds,  51-52,  05,  72,  9S-99 
combined  thoracic  and  abdominal  wounds, 
101 

complications  of  foreign  bodies,  349 
drainage  with  labile  mediastinuin,  281 
foreign  bodies  in  heart,  354,  355-350 
foreign  body  embolism,  850 
hemorrhage,  154-155 
lacerations,  of  pulmonary  vessels,  348 
mediastinal  infection,  178 
mediastinal  wounds,  19.  408,  520 
migratory  foreign  bodies,  78,  392,  393 
myocardial  contusions.  07 
sucking  wounds,  5 


Lethality,  of — font  inned 
thoracoabdominal  wmnids,  10,  102,  139, 
470 

according  to  location.  139 
thoracospinal  wounds,  47-48 
tracheobronchial  wounds,  21 
visceral  wounds.  111 
wounds,  of — 
bronchi,  22 
esophagus,  24,  27,  345 
great  vessels,  IS,  244 
liollow  viscera,  139 
solid  viscera.  139 
thoracic  duet,  108 

Leukocytic  response,  in  infected  organizing 
hemothorax,  202 

Level  of  rib  fractures,  in  thoracoabdominal 
wounds,  102 
Levin  tube : 

decompression  by,  in  wounds  of  esophagus, 
28 

diagnosis  by,  in  v.munds  of  esophagus,  20 
in  pr('operative  preparation,  72 
in  thoracoabdominal  wounds,  113 
Lewis,  T„  219 
Ligament  of  Tieitz.  123 
Ligation,  of — 

axillary  vessels,  45-40 
pulmonary  vessels,  18 
subclavian  vessels,  45-40 
Ligation  technique,  in  lol)ectomy,  419 
Leiextital,  it.,  92.  280 
Limited  duty,  return  to,  450,  408,  474 
Line-of-duty  bronchiectasis.  424 
lingula,  occlusion  of  arterial  supply  to,  by 
foreign  body,  890 

Lingulectomy,  in  bronchiectfisis,  418,  419 
Lipiodol  diagnosis,  in  wounds  of  esophagus, 
20,  28 

Lipiodol  localization,  of  retained  foreign 
bodies,  408 

Lii)iodol  visualization,  in  empyema.  548 
Lii)onias,  of  mediastinuin,  438 
Liver : 

bare  area  of.  101 
deaths,  140 

drainage  in  wounds  of,  538 
followup  studies  in  wounds  of,  440 
foreign  bodies  in,  394,  395,  450,  523,  542 
herniation  of : 

in  diaphragmatic  hernia,  101,  193 
into  chest  wall  defect,  197 


XJver — Cinitinuecl 
ileus  in  ^YOUllcls  of,  53S 
incicleiice  of  womicls  of,  541 
lacerations  of,  129 

inigration  of  foreign  bodies  from,  78n,  300 
penetrating  wounds  of,  110 
sealing  off  of  dinpliragmatic  wound  by,  IOC 
wounds  of,  103,  100,  115,  118-110,  121-123, 
128. 137,  538,  530 
Sec  also  Hepatic. 

Lobar  atelectasis,  2GC 
in  wet  lung,  228 
Lobar  pneumonia,  170 

antecedent  to  empyema,  274 
in  tlioracoabdominal  wounds,  538 

I.obectomy,  155 
complications  of,  420 

for  removal  of  migratory  foreign  bodies,  78 
in  actinomycosis,  431,  432 
in  broncliiectasis,  417-410 
in  forward  hospitals,  IS 
in  hemothoracic  empyema,  309 
in  Hodgkiii'S  disease,  430-437 
in  lung  abscess,  420 
in  mediastinal  tumors,  430 
ill  pulmonary  hematoma,  496 
in  pulmonary  lacerations,  526 
in  spontaneous  nontuberculous  pneumo¬ 
thorax,  432 
ill  tuberculoma,  426 
ill  tulierculosis.  425 
in  wounds  of  bronchi,  22 
in  wounds  of  lung,  16, 18 
indications  for,  in  bronchiectasis,  417- 
418,  421 

rationale  of,  in  bronchiectasis,  416,  417- 
418,  421 

results  of,  in  bronchiectasis,  421-423 
return  to  duty  after,  400 
technique  of,  410 

Lobotoiny,  for  removal  of  foreign  bodies,  320 
Lobular  atelectasis,  266 
in  wet  lung,  200,  215,  216,  228 
Lobulation,  in  organizing  hemothorax,  254 
Local  anesthesia : 

application  of,  during  bronchoscopic  as¬ 
piration,  228 
for  bronchoscopy,  164 
ill  bronchopleural  fistulas,  170 
in  removal  of  foreign  liodies,  332 
in  wet  lung,  221 


Localization : 

ill  generalized  empyema,  280,  281 
of  foreign  bodies,  322-346,  353 
in  (about)  heart,  53-55,  72,  SO 
in  thoracoabdominal  wounds,  123 
in  Zone  of  Interior,  408-400 
techniques  of,  332-346 
Localized  phase  of  lung  abscess,  178 
Location,  of — 

foreign  bodies,  332 

as  indication  for  removal,  325-326,  328, 

348,  305 

wounds,  531,  535,  536 

as  diagnostic  aid,  106-108 
as  indication  for  forward  thoracotomy, 
445-446 

effect  of,  on  sucking,  5 
Lockwood,  A.  L.,  286 
Loculation,  in — 

clotted  hemothorax,  277 
heinothoracic  einpyeina,  273 
postpneumonic  empyema,  301 
Loculations,  aspiration  of,  270 
Loison,  92 

Long-term  followup  studies  of  war  wounds, 
411,  441-527 
Tvos  Angeles,  443 
Loss  of  consciousness,  in — 
diaphragmatic  hernia,  103 
head  injuries,  211 
Lower  nephron  nephrosis,  161 
See  also  Renal. 

Lumbar  pain,  in  wounds  of  esophagus,  25 
Lung : 

abscess,  145,  175-178,  428-420,  523,  524, 
540 

about  bone  fragments,  535 
about  foreign  bodies,  327 
associated  with  actinomycosis,  431 
associated  with  foreign  bodies,  347,  348, 

349,  535,  544,  545 

complicating  clotted  hemothorax,  300 
complicating  hemothoracic  empyema, 
300-310 

drainage  of,  170,  304 
in  compound  fractures  of  ribs,  12 
in  crushing  injuries,  30 
in  organizing  hemothorax,  288 
in  Zone  of  Interior,  401 
incidence  of.  232,  535-536 
management  of,  178 
at  decortication,  280,  283-284,  295 
recurrence  of,  178 
wedge  resection  of,  18 
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I.uii  C(  )n  t  i  miecl 

blood  in  gastric  contents  in  wounds  of, 
100 

blood  supplj’  of,  17 
carcinoma  of,  433-436 
collapse  of,  in  sucking  wounds,  5 
contusions  of,  18,  30,  47,  IGl,  165,  216,  272, 
540 

in  tlioracoabdoininal  wounds,  103 
disruption,  in  wounds  of,  173 
effect  of  lieinotborax  on,  263 
fibrosis  of,  258-259 

in  bomothoracic  empyema,  275 
with  delayed  decortication,  549 
followup  studies  on— 
bematoma  of,  496-501 
lacerations  of,  462-46S 
foreign  bodies  in,  393,  40^—408,  462,  513, 
523,  526 

bematoma  of,  145,  149,  165-169,  4._)0,  526, 
540 

liemorrbage  from,  535,  536 
bepatization  of,  38 
bernia  of,  145,  197-202 
in  Zone  of  Interior,  401 
bernia tion  of,  at  decortication,  291 
involvement  of,  in  bemotlioracic  empyema, 
274,  276 

lacerations  of,  16-17,  145,  154,  155,  166, 
170,  272,  294,  326,  526,  532,  534,  536, 
537-538,  540,  546,  549,  553 
in  compound  fractures  of  ribs,  12 
in  tlioracoabdoininal  wounds,  103 
malignant  neoplasms  of,  433 
management  of,  at  decortication,  294-297 
management  of  wounds  of,  17-19 
massive  gangrene  of,  178 
mecbanical  changes  in,  in  bemotlioracic 
empyema,  272 

noninvolvemeiit  of,  in  bemotboracic  em¬ 
pyema,  274 

preexisting  involvement  of,  in  postpneu- 
monic  (metapneumonic)  empyema,  272 
reaction  of,  to  trauma,  209 
reexpansion,  failure  of,  532 
reexpansion  of : 

after  decortication,  286,  294,  297, 419 
after  pbysical  therapy,  407 
after  spontaneous  nontuberculous  pneu- 
inotborax,  432 
in  beniotborax,  507 


lAing — Continued 

release  of,  at  decortication,  290 
suture  of,  in  sucking  wounds,  10 
thromboplastin  content  of,  248 
tissue,  denudation  of,  170 
wounds  of,  16-19,  243-244 
See  also  Pulmonary. 

Lyle,  II.  II.  M.,  391 
Lymph  drainage,  of  lung,  526 
liympbatie  neoplasms,  453 
of  mediastinum,  439 
Lymphoblastoma,  of  mediastinum,  436 
Lyoxs,  Maj.  C.,  279 

Madigan  General  Hospital,  510 
Magill  catheter,  164 
jMagnetic  foreign  bodies,  408 
Major  pulmonary  vessels,  battlefield  deaths 
from  wounds  of,  IS 
Makixs,  G.  II.,  49,  53,  197 
Malaise,  in  bemotboracic  empyema,  283 
Malignant  neoplasms,  433-439 
incidence  of,  433 
of  esophagus,  439 
of  larynx,  433 
of  mediastinum,  433,  436 
INIalignant  teratoid  tumors,  437 
Malignant  tbyinoma,  438 
Management,  of — 

abdominal  component  in  thoracoabdominal 
wounds,  118-121 
actinomycosis,  432 
acute  gastric  dilatation,  145, 157 
airway  in  wet  lung,  219 
atelectasis,  164-165 
blast  injuries,  41-42 
bronchiectasis,  417-419 
broncbiogenic  cysts,  437 
bronchopleural  fistulas,  170-173 
at  decortication,  280 
carcinoma,  of — ■ 
esophagus,  434 
lung,  433 

cardiac  contusions,  67-69 
cardiac  lacera  tions,  70-71 
cardiac  wounds,  85-89 
chronic  parietal  sinuses,  180-181 
clostridial  myositis,  175 
complications,  540 
compound  fractures  of  ribs,  12-16 
concomitant  wounds,  43 
costochondral  separations,  11 
crushing  injuries,  30 


Mar.aii-eiiiont.  of — OontiinuHl 
(laina.a'etl  iiilen'ostal  iiervos.  203 
(lia]»lirag’tiiatic  liernia,  100 
drainage  tnl)e,s,  aft(‘r — 

(leeortication,  208 
laanoval  of  foreign  bodies,  347 
draining  sinuses,  of  chest  wall,  412-413 
einpTenm.  rilO-.ir)! 

in  Zone  of  Interior  hospitals,  551 
flail  chest,  10 
foreign  bodies,  in — 

heart  and  great  vessels,  40-100,  353-395 
Zone  of  Interior,  407-412,  545,  540 
fractures,  of — 
clavicle,  11 
scapula,  12 

luanatoinas,  of  lung,  IGG,  400.  52G 
hemorrhage,  155 
hemothoraoic  oin])yeina,  275-278 
hemothorax,  520,  530 

in  forward  hospitals,  404 
in  oversea  hospitals,  54C-540 
in  Zone  of  Interior  hospitals,  549 
infected  hemothorax,  275-27S 
infolded  lung,  185-180 
left-sided  thoracoabdominal  wounds,  123- 
125 

lesions,  of  esophagus,  439 
lung  abscess,  178,  429 
at  decortication.  280,  294-297 
mediastinal  tumors,  438-439 
migratory  foreign  bodies,  391-392 
organizing  hemothorax,  402-403 
osteochondritis.  179 
parietal  defects,  289,  290,  294 
penetrating  (perforating)  cardiac  wounds, 
72 

pericardial  cysts,  438 
l>ericar(lial  wounds,  64-G5 
postdecortication  empyema,  300 
postpnenmonic  empyema,  300-301,  430—131 
primary  nerve  tumors,  of  mediastinum. 
438 

pulmonary  contusions,  18 
pulmonary  edema,  1G2 
pulmonary  hernia,  198-199 
pulmonary  lacerations,  52G 
residual  symptoms,  204 
rib  fractures,  11-1(1 

right-sided  thoracoal)dominal  wounds, 
121-123 

serpielae,  in  Zone  of  Interior,  400-401 
simple  hemothorax,  2G7-270 


^Management,  of — (lontinned 
subcutaneous  emphysema.  157 
sucking  wounds,  9-11,  52G,  535,  541 
tension  pneumothorax,  20, 151-155,  53.G 
teratoid  tumors  of  mediastinum,  437 
thoracoabdominal  wounds,  101-102,  52G, 
542 

in  base  hospitals,  127-133 
thoracospinal  wounds,  47-48 
thymomas,  438 
tracheol)ronchial  wounds,  22 
traumatic  osteomyelitis,  179-180 
unhealed  wounds  at  d('cortication,  289 
wet  lung,  217-232,  501-502,  525-520 
wound  disrui)tion,  174 
wounds,  of— 

esophagus,  27-30 
kidney.  118,  121 
liver.  118-119,  121-123 
lung.  17-19 
small  intestine,  118 
spleen,  118 
stomach.  118 

S(‘c  also  Tecliniques;  Special  types  of 
therapy. 

iManiimlative  management,  of  migratory 
foreign  l)odies,  392 

iManometry.  in  l)ronchopleural  fistulas,  170- 
173,  543 

Miiupower  losses,  fi'om  simple  ril)  fractures, 
11 

“Manual  of  Therapy,  ETO,’*  85 

:Manual  on  thoracic  surgery,  XRC,  85,  237 

Manubrium  sterni,  155 

Marbling  of  peel,  in  infected  hemothorax, 
254 

IMarcianese,  442 

jMass  ligation  technique,  in  loliectomy,  419 
Massive  clotfing.  in  infected  organizing 
hemothorax.  282 
Massive  gangrene,  of  lung.  178 
Alassive  hemothorax,  differential  ion  of, 
from  wounds  of  esopliagus.  25 
Alassive  tissue  contamination,  as  cause  of 
death,  in  thoracoabdominal  wounds.  140 
Alaterials  (methods),  of  followup  studios, 
442-444 

MArKEii,  Ala.i.  E.,  197 

AIe.vue,  Lt.  Col.  R.  IT.,  Jr.,  lS9ii,  190,  41G,  432, 
529 

Aleasles.  antecedent  to  empyema,  274 
Alechanical  obstruction,  of  tracheobronchial 
tree,  in  wet  lung.  209 
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Meclianlsin,  of — 
blast  iiijiu-ios,  8T~3S 

clotting  io  organizing  lioinotliorax,  246-249 
congh. 211-212 
Mediastinal  abscess,  145,  ITS 
Mediastinal  einpliysenia,  20, 157-100 
in  cardiac  wounds,  53 
in  wounds  of  esophagus,  25 
Mcdiaslinal  foreign  bodies,  345,  318-351, 
353  *354,  380,  393,  394,  408,  513,  536 
confusion  of,  with  intrapulinonary  mis¬ 
siles,  345 

Mediastinal  lieniorrliage,  269,  535 
as  cause  of  death,  534 
in  blast  injuries,  39 
in  cardiac  wounds,  53 
Mediastinal  infections,  in — 
tracbeoesopbagt'al  woxmds,  542 
wounds  of  c'sopbagus,  24-25 
jModiasiinal  involvenient,  in — 
tboracoalKloininal  wounds,  103 
wounds  of  esophagus,  28 
wounds  of  heart,  93 
Mediastinal  shift : 

ill  clotted  hemothorax,  535 
in  hemothorax,  267 
in  sucking  wounds,  S 
in  tension  piummothorax,  151 
in  wet  lung,  210,  214,  216 
wound  description  with,  174 
Mediastinal  vessels,  hemorrhage  from,  154 
Media  still  ills,  140,  178 
as  cause'  of  death,  534 

Mediastinotoiny,  in  wounds  of  esophagus,  27 
jMediastinum : 

decortication  of,  293 

fixation  of,  in  hemothoracic  empyema,  266 
followup  of  wounds  of,  468-473 
function  of,  in  sucking  wounds,  8 
malignant  neoplasms  of,  433 
neoplasms  of,  -136-439 

relafion  of,  to  tension  pneumolhorax,  145 
retraction  of,  in  infolded  lung,  185 
status  of,  in — ■ 

empyema,  280-281 
hemothoracic  empyema.  281 
teratoid  tumors  of.  437 
teratoma  of,  439 

wounds  of,  19-21,  27, 139,  149,  525,  526,  532 
Medical  Statistics  Division,  Office  of  The 
Surgeon  General.  32,  175, 186,  241,  433 


IMediterraiicaii  theater,  23,  39,  45,  85,  95, 101, 
114, 128, 153, 155, 165n,  170,  208.  210,  213, 
237,  269,  275,  324,  399,  426,  442,  501,  525- 
526,  527,  529.  542n,  545n 
casualties  returned  from,  399,  404 
decortication  in,  301,  324,  405 
diaphragmatic  hernia  in,  186-189 
empyema,  in,  240,  349 
evolution  of  policies  in,  441,  525-527,  535 
foreign  bodies  in,  49-100,  325-352 
hemothorax  in,  237-329 
hing  surgery  in,  18-19 
management  of — 

cardiac  wounds  in,  86-88 
intra cardiac  foreign  bodies  in,  94-95 
migratory  foreign  bodies  in,  78 
thoracoabdominal  wounds  in,  136-141 
wet  lung  in.  207-236 
wounds  of  heart  in,  49-50,  86-88 
Meningitis,  140,  189,  189n.  416,  486,  529 
Mental  confusion,  in  cardiac  wounds,  52 
Mesentery,  bronchial  spasm  after  experi- 
menlal  traction  on.  209 
Metallic  foreign  bodies,  as  cause  of  chronic 
sinus  formation,  180 
Metapneunionic  empyema,  238,  272.  273 
in  World  War  I,  275n 
jMetastatis  brain  abscess,  308,  311 
jMiddlc  East,  hemothoracic  empyema  in.  310 
Mignano  Monte  Lungo,  502 
Migratory  foreign  bodies,  62,  78-84,  88,  89- 
90,  353.  354,  388-390,  392,  536,  539 
diagnosis  of,  391-392 
management  of.  391-392 
statistics  of,  392 
techni(iue  of  removal  of,  392-393 
Migratory  intravascular  foreign  l)odies.  380- 
393 

Miliary  abscess  (es)  : 

in  hemothoracic  empyema.  283 
management  of,  at  decortication.  322 
Miller-Abbott  decompression,  133. 157 
:Miscall,  Id  .  Col.  L.,  366 
Missile(s)  : 
course  of.  156 

ill  cardiac  wounds.  64,  72 
in  thoracoabdominal  wounds,  109,  110, 
137 

dellection  of,  108 

effect  of  course  of,  in  sucking  wounds,  5 
projection  of  course  of,  154 
tracks  of.  associated  with  hematoma  of 
lung.  166 
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Mobility  of  chest  wall,  in  lieinothoracic  cin- 
pyenia,  274 
Modesto,  405 

Modilications  of  decortication,  207 
.AIooke,  Alaj.  R.  L.,  402n,  420 
Alorale  factor,  in  return  to  duty,  451 
AIo]-bidity — 

after  forward  tlioracotoniy,  in  Alediter- 
ranean  theater,  441,  539 
ill  Zone  of  Interior,  554 
of  thoracoabdominal  wounds,  141 
of  wet  lung-,  232 
Alorphine — 

after  thoracoabdominal  surgery,  120 
in  blast  injuries,  42 
in  causation  of  wet  lung,  212-213 
in  ihoracoabdomiiial  wounds,  112 
in  wet  lung,  217,  210 
in  wounds  of  esophagus,  25 
Alorphine  poisoning,  140 
Alorlality : 

in  fixed  hospitals  in  followed-up  casualties, 
450 

in  Alediterranean  theater,  441 
relation  of  wet  lung  to,  502 
See  also  Case  fatality  rates  :  Deaths  ;  Sta¬ 
tistics. 

Alountain  fighting,  in  Alediterranean  theater, 
213 

Alultiple  empyemas,  with  fistula  formation, 
277-278 

Alultiple  rib  resection  drainage,  278 
Alultiple  thoracoalidominal  wounds,  130 
Alultiple  wounds : 

mortality  of,  in  followed-up  casualties,  450 
wet  lung  in,  234,  502 
Alultiplicity : 

as  indication  for  removal  of  foreign  bodies. 
328 

of  thoracoabdominal  wounds,  135 
Alultiplicity  index,  130 
Alural  thrombi — 
after  cardiac  surgery,  05 
in  cardiac  contusions,  G7 
in  cardiac  wounds,  63-C4 
ill  vena  cava,  SO 
Aluscle : 

thromboplastin  content  of,  248 
use  of,  in  pulmonary  herniorrhaphy,  100 
Aluscle  flaj),  closure  of — 
bronchopleural  fistulas,  543 
chest  wall  defects,  412 
chest  wounds,  183 


Aluscle  grafts : 

closure  of  cardiac  wounds  by,  70,  03 
in  lacerations  of  lung,  462 
Aluscle  plug,  closure  of  suching  wound  by,  10 
Alyasthenia  gravis,  430 

Alyocardial  damage,  as  indication  for  re¬ 
moval  of  intracardiac  foreign  bodies,  356, 
357-366 

Alyocardial  dysfunction,  as  cause  (tf  death, 
00 

Alyocardial  infarction.  07 
after  cardiac  surgery,  95 
in  cardiac  contusions,  66 
in  cardiac  wounds,  08 
Alyocardium : 
aneurysm  of,  92 
contusions  of.  50,  60,  08-99 
electrocardiography  in  wounds  of,  56 
foreign  bodies  in,  60,  88.  80,  94 
lacerations  of,  69,  70, 98-99 
pathologic  process  in  wounds  of,  63 
petechial  hemorrhages  of,  66-67 
stab  wound  of,  85 
suture  of,  93 
wounds  of,  64,  65,  97 

Naples  Blood  Bank,  531 
Narrowing  of  intercostal  spaces,  in — 
clotted  hemothorax,  265 
organizing  hemothorax,  281-282 
wet  lung,  216 

Nasal  decompression,  in  diaphragmatic 
Iiernia,  106 

Nasal  intubation,  after  thoracoabdominal 
surgery,  126 

National  Research  Council,  85,  237 
Natural  history,  of  hemothorax,  243-245 
Nausea  (vomiting) ,  in¬ 
chest  wounds,  52,  53,  76, 109,  193 
diaphragmatic  hernia,  193 
Navy  experience,  with  blast  injuries.  33 
Nebulized  penicillin,  418 
Neck,  wounds  of,  20 
Negative  explorations,  110-111 
Negative  pressure  suction,  in  chronic 
empyema,  551 
Neoplasms : 

bronchial  occlusion  from,  416 
of  mediastinum,  436-430 
Nephrectomy,  118, 121, 123, 125, 128,  538 
Nerve  injuries,  associated  with  chest 
wounds,  413 
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Xeurolibronia,  of — 
esophagus,  439 
media  sti mini,  437,  438 

Neurogenic  sarcoma,  of  mediastinum,  438 
Neurologic  examination,  in  investigation  of 
residual  symptoms,  203 
Neurologic  injuries,  46-48 
Neuropsycliiatric  manifestations,  413 
Neurosarcoma,  of  mediastinum,  436 
Neurosurgical  Avounds,  atelectasis  after,  179 
Niciion,  Ijt.  Col.  A.  D.,  356 
Niciioi.sox,  G.  M.,  64 
Nicitolsox,  W.  F.,  310 

Nitrous-oxide-oxygen  anestliesia,  in  tliora- 
coabdominal  wounds,  113 
Nitrous-oxide-oxygeii-etber  anesthesia,  for 
decortication,  289 
N 0  m  end  a  ture,  of — 

hemothorax,  238,  254-255 
sucking  wounds,  5 
teratoid  tumors,  437 
thoracoabdominal  wounds,  101 
wet  lung,  208 

Nonclosure  of  skin  and  subcutaneous  tissue, 
in — 

chronic  sinuses  of  chest  wall,  181 
lacerations  of  heart,  94,  95 
sucking  wounds,  11 
thoracoabdominal  wounds,  121 
Non-gas-foiauing  bacteria,  in  organizing 
hemothorax,  262 

Nonhemolytic  SfapM/^ococcus  aureus 
empyema,  247 

Noninterference  in  pulmonary  hematoma, 
496 

Nonspecific  bronchitis,  complicating  atelec¬ 
tasis,  165 

Nonsuture  of  lacerations  of  heart,  70,  91-92, 
95 

Non  traumatic  empyema ; 
decortication  in,  300-301 
in  Zone  of  Interior,  429-431 
North  Africa,  49,  164,  179,  207,  240,  306,  529, 
531 

North  African  campaign,  86, 114 
North  African  theater,  207,  278,  286,  325, 
446,  449 

/8cc  also  ^lediterranean  theater. 

Norwegian  forces,  in  United  Kingdom,  155 
Numbness  following  chest  wounds,  203 
Nutrition — • 

after  decortication,  306 
in  hemothoracic  empyema,  276 


Nutritional  status : 

improvement  of,  before  decortication,  288 
in  Pacific  Ocean  areas,  309 
Nylon  sutures,  in  repair  of  diaphragm,  189 

Obliterative  pleuritis,  275 
Obliterative  surgery,  in  chronic  hemothorax, 
275 

Obstruction,  of — 
blood  flow,  378 
bronchi,  in  Avet  lung,  209-210 
superior  A-ena  cava,  20 

Occlusion,  of  sucking  Avound,  112,  148,  174, 
526 

Ocaflar  inA  olvemeiit,  in  ecchymotic  mask,  31 
Office  of  The  Surgeon  General,  32.  175,  186, 
241,  400,  407,  433 
Oliguria,  140 
Omentum,  herniation  of : 
in  diaphragmatic  hernia,  193 
in  pleural  cavity,  103 
O’Neill,  C.  S.,  391 
Open  drainage : 

in  residual  basal  empyema,  406 
/See  also  Rib  resection  drainage. 

Open  pneiTinothorax,  associated  Avith  foreign 
bodies,  332 

Open  thoracotomy,  in — 
infected  hemothorax,  551 
spontaneous  nontubcrculosis  pneumo¬ 
thorax,  432 

Optic  nei'Am,  atrophy  of,  31 
Organizing  hemothorax,  238.  239-240,  507, 
540,541,549 

after  primary  thoracotomy,  553 
bacteriology  of,  261-263 
criteria  of  cure  in,  303 

decortication  for,  in  folloAved-up  casual¬ 
ties,  449 

delayed  decortication  for,  450-406 
diagnosis  of,  263-265 
differentiation  of,  from  infolded  lung.  185 
effect  of,  in  infolded  lung,  186 
etiology  of,  246-249 
histopathology  of,  255-261 
in  Zone  of  Interior,  401-403 
management  of,  402-403 
pathogenesis  of,  24.3-249 
prevention  of,  by  thoracentesis,  266-269 
pulmonary  effects  of,  258-259 
resolution  in,  286-287 
statistics  of,  307-308,  401 
Origin,  of  hemothorax,  24.3-244 
Ortliodiagrams,  in  cardiac  Avounds.  56 
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Orthopedic  cnrc'.  of  special  fractiii*(‘S.  12 
Orihopiu'a,  in  wet  Inn.ii’.  214 
Osteo(‘honflritis,  IT!).  .140 
O  s t  e  oc li  on  (1  r  o m  a .  43  s 
Osteonivelitis.  141,  170-1  NO 
of  ril)s,  ISO 

Otolarynii-ologic  examination,  in  l)roncliiec- 
tasis.  418 

Overdosage,  of  morphine,  212-213 
OvEitnoi  T,  U.  II..  207n 
Overhydration : 
in  blast  injuries,  41-42 
in  causation  of  ^Yet  lung,  213,  217,  220 
in  thoracoabdominal  wounds,  112-113,  126, 
138 

pulmonary  edema  from,  161 
Overlooked  injuries,  61, 130 
as  cause  of  death,  134 
Overlooked  spinal  injuries,  46 
Oversea  hos)titals,  management  of-^ 
empyema  in,  140-111 
foreign  bodies  in,  144-541 
hemothorax  in,  146-149 
Oversea  surgery,  evaluation  of,  in  Zone  of 
Interior,  130-1.14 

Oxygen  absorpfion  (consumption),  in  bron¬ 
chiectasis.  421 
Oxygen  administration — ■ 

during  bronchoscoinc  aspiration,  220 
in  wet  lung,  220-231, 234 
Oxygen  content  of  blood,  reduction  of,  in 
heniothoi’ax,  263 
Oxygxm  dc'ficiency : 

differential  diagnosis  of.  .12 
in  cardiac  contusions,  66 
in  cardiac  wounds,  12, 13 
in  wet  lung.  200.  210,  217 
Oxygen  therapy — 
after  lobectomy,  410 
in  blast  injuries,  42 
in  catheter  aspiration,  227 
in  pulmonary  edema,  162 
in  thoracoabdominal  wounds,  112, 125 
in  wound  disruption,  174 

Pacitic  Ocean  Areas,  status  f»f  casualties  re¬ 
turned  from.  300-400,  404 
IkU'king.  in  wounds,  of  liver,  118-110 


Pain : 

as  cause  of  respiratory  rest  riction,  112 
as  indication  for  removal  of — 
foreign  l)odies,  327 
iiitra  thoracic  foreign  bodies.  366 
caused  by  migra  tory  foreign  bodies.  301 
during  t  horacentesis,  260 
eff(‘Ct  of : 

in  wet  lung,  208,  211,  217,  222-223 
on  cough  reflex,  212 
following  chest  wounds.  203 
in  al»domen,  in — 

Idast  injuries,  40 
chest  wounds,  100 
in  abdominal  wounds,  212 
in  Iflast  injuries,  30.  41,  42 
in  chest  wall,  3, 125 

as  cause  of  imdTt'ctive  cough.  161 
in  diaphragmatic  hernia,  193 
in  hemothorax,  263 
ill  organizing  hemothorax,  281 
in  ril)  fractures,  413 

in  shoulder,  in  thoracoabdominal  wounds, 
100 

in  thoracoabdominal  wounds,  100, 112 
in  wet  lung,  216,  217 
persistence  of.  141, 123-124 

in  costochondral  sep.arations,  11 
in  followed-up  casualties,  410 
relief  of,  in — 

compound  fractures  of  rili.s,  11, 12 
wet  lung,  210 

restriction  of  respiration  by,  214 
with  iiitracardiae  foreign  bodies,  316 
with  retained  foreign  liodies,  407,  141 
Palming  technique,  01 
Paltaul,  R.,  301 
Pancreas,  wounds  of,  118,  538 
Paradoxical  pulse,  in  cardiac  wounds,  .12,  13 
Paradoxical  respiration,  12, 174 
effect  of,  on  cough  reflex,  212 
ill  flail  chest,  16 

Paraesoiihageal  abscess,  140,  541,  .142 
Paraesophageal  hernia,  430 
Parallax  technique,  of  localization  of  for¬ 
eign  liodies,  332 
Paralysis — 

in  brachial  plexus  injuries,  413 
of  recurrent  laryngeal  nerve,  142 
Paraplegia,  47,  410 

complicating  empyema,  308 
Paraspinalis  muscles,  use  of,  in  wound 
closure,  121,  183 
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Parav(‘rtebral  incisions,  in  snbscnpular  in¬ 
juries,  44 

ParaYertei)ral  nerve  l)lock  : 

in  dili’ereiitial  diagnosis,  of  thoracoab- 
doininal  ^younds,  109 
in  wet  lung-,  210-229,  295 
results  of,  222-229 
technique  of,  221-222 
Paresthesias,  202 
Parietal  pleura : 

fusion  of  ribs  with,  in  enipyeina,  274 
in  organizing  hemothorax,  250-251,  25G 
management  of,  at — 

decortication,  280,  200,  207,  915 
delayed  decortication,  40G 
PAijKEi;,  :\raj.  E.  E.,  230,  244 
Pasteuk,  W.,  210 

Patent  foramen  ovale,  migration  of  foreign 
body  through,  391 
Pathogenesis,  of — 

cardiac  contusions,  GG-G7 
chronic  hemothorax',  238 
diaphragmatic  hernia,  101 
fistula  formation,  in  empyema,  277 
hemothoracic  empyema,  273 
01‘ganizing  hemothorax,  290,  249-240 
secretions,  in  wet  lung,  215 
sulK'utaneons  emphysema,  157 
subphrenic  abscess,  130 
tension  pneumothorax,  103-10G,  145-148, 
140 

wet  lung,  207-21 1 
Pathologic  process : 
after  wounding,  920 
in  atelectasis,  1G3 
in  blast  injuries,  94,  98-90 
in  bronchiectasis,  41G,  417 
in  bronchopleural  fistula,  lGO-170 
in  cardiac  contusions,  GG-G7 
in  cardiac  wounds,  G3-G4 
in  chronic  hemothorax,  240 
in  compound  fractures,  of  ribs,  12 
ill  contusions,  of  lung,  IS 
in  crushing  injuries,  30 
in  diaphragmatic  hernia,  101-109 
in  ecchyniotic  mask,  91 
in  empyema,  in  World  War  I,  274 
in  hematomas,  of  lung,  1G5,  40G 
in  hemothoracic  empyema,  272-273 
in  infolded  lung,  1S9-1S5 
in  lung  abscess,  178,  420 
in  migratory  foreign  bodies,  302 
in  pulmonary  hernia,  107 


Pathologic  process — Continued 
in  scapular  fractures,  44 
in  thoracoabdominal  wounds,  102-100 
in  tuberculoma,  42G 
in  wounds,  of  chest  wall,  3—1 

Pa  thophysiology,  of — • 
bronchiectasis,  421 
cardiac  tamponade,  59-GO 
chest  wounds,  20S-211,  525 
flail  chest,  12 
hemorrhage,  153 
hemothorax,  237,  2G3,  507 
hernia,  of  lung,  107 
infolded  lung,  189-185 
mediastinal  emifliysema,  157-159 
pericardial  wounds,  G5 
sucking  chest  wounds,  5-8 
thoracoabdominal  wounds,  541 
wet  lung,  207-211,  217 

Pattern  of  migration,  of  intravascular  for¬ 
eign  bodies,  388-301 

Pectoral  girdle,  wounds  of,  5 

Pedicle-flap  closure,  of — 
sucking  wounds,  11 
trachea, 22 

Pedicle-graft  closure,  of  sucking  wounds,  10, 
11 

Pedicle-graft  repair,  of  chest  wall  defects, 
412 

Peel  (rind)  : 

antecedent  development  of,  in  hemotho¬ 
racic  empyema,  272 
at  delayed  decortication,  40G 
constricting  effect  of,  in  hemothoracic 
emi)yenia,  273 

ill  hemothoracic  empyema,  281,  283-284 
in  nontraumatic  empyema,  300-301 
in  organizing  hemothorax,  250-255,  258- 
250,  278 

in  uninfected  organizing  hemothorax,  287 
incision  of,  at  decortication,  201 
management  of,  at  decortication,  288,  200 
timing  of  decortication,  in  relation  to 
status  of,  285-28G 

Pendulum  respiration,  8 

Penetrating  thoracoabdominal  wounds.  110, 
122-129 

Penetrating  wounds.  208,  238,  59-1-535 
incidence  of,  531 

migratory  foreign  bodies  in,  301-302 
of  cai’diac  chambers,  G3 
of  esophagus,  24 
of  great  vessels,  85 
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Penetrating-  Nvonncts — Continued 
of  heart,  71-78,  97,  99 
of  liver,  110 
of  ventricles,  58 
Penicillin : 

after  decortication,  298,  300 
after  tlioracoabdoniinal  surgery,  126 
availal)ility  of,  530 
before  decortication,  288 
before  lobectomy,  419 
during  lobectomy,  420 
in  actinomycosis,  431,  432 
in  blast  injuries,  42 
in  bronchiectasis,  417 
in  crushing  injuries,  30 
in  liead  injuries,  46 
in  hemothoracic  empyema,  309 
in  hemotliorax,  .302 
in  infected  hemothorax,  275 
in  lung  al)scess,  178,  429 
in  management  of  foreign  bodies,  .347,  394, 
411,  412,  546 

in  organizing  hemothorax,  247 
in  pneumonia,  179,  428 
in  postpneumonic  empyema,  301,  430-431 
in  prevention,  of — 
lung  abscess,  175-177 
pneumonitis  (pneumonia),  179 
in  sinusitis,  418 

ill  thoracoalidominal  wounds,  139 
in  wounds,  of  esophagus,  27,  28 
instillations  of,  127,  240 
after  closure  of  sucking  wounds,  11 
after  decortication,  298 
after  removal  of  foreign  bodies,  347,  394 
Penicillin  protection : 

decortication  under,  281,  284,  300,  307 
in  surgery  for  chronic  parietal  sinuses,  181 
in  traumatic  osteomyelitis,  179 
Penicillin  therapy,  241,  412 
wound  disruption  during,  174 
Penrose  drains,  in — 
fractures  of  scapula.  44 
wounds,  of  liver,  119, 122 
Pensions,  443 
l^entothal  sodium,  in — ■ 
blast  injuries,  42 
thoracoabdominal  wounds,  113 
Percussion  note,  in — 
blast  injuries,  40 
wet  lung,  214 

Percy  Jones  General  Hospital,  416 


Perforating  thoracoal)dominal  wounds,  110, 
121-122, 123-125 

Perforating  wounds,  208,  238,  534-535 
incidence  of,  531 
of  diaphragm,  101-141 
of  heart,  63,  71-78,  97,  99 
of  intestines,  112 
of  rectum,  128 
of  stomach,  103-104, 112 
pulmonary  hernia  after,  197 
Pericardial  asinration,  .540 
Pericardial  cysts,  438 
Pericardial  effusion,  53,  541 
after  cardiac  surgery,  65,  93,  95 
as  indication  for  removal,  of  intracardiac 
foreign  bodies,  356,  357 
Pericardial  friction  rub,  389 
Pericardial  graft,  use  of,  for  cardiac  closure, 
373 

Pericardial  hemorrhage,  55 
Pericardial  involvement,  in  thoracoabdom¬ 
inal  wounds,  103 
Pericardial  tamponade,  540 
priority  of  management  of,  541 
Pericardial  vessels,  wounds  of,  58 
Pericardial  wounds,  management  of,  64-65 
Pericardicentesis,  95 
Pericardiophrenic  vessels : 
division  of,  72 
hemorrhage  from,  153 

Pericardiotomy,  for  removal  of  foreign 
bodies,  355 
Pericarditis,  540 

caused  by  migratory  foreign  bodies,  391 
in  cardiac  wounds,  98 
Pericardium : 

closure  of  cardiac  wound  by,  70-71,  93 
decortication  of,  293 
drainage  of,  95 

foreign  bodies  in  (about),  89,  94,  325,  353, 
374-375,  394,  573 

involvement  of,  in  diaiffiragmatic  hernia, 
191 

lu’ocaine  hydrochloride  injection  of,  90 
removal  of  foreign  bodies  from,  374-375 
wounds  of,  49-50,  64-65,  96.  244,  540 
Perichondral  sutures,  180,  204 
Pericostal  sutures,  180, 183,  204,  347 
at  decortication,  298 
Periosteum : 

closure  of  sucking  wounds  by,  10 
use  of,  in  pulmonary  herniorrhaphy,  199 
Peripheral  emphysematous  blel)s,  432 
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Peripheral  nerve  injuries,  400 
Peripheral  Nerve  Hegistry,  407 
Peripheral  obscuration,  in  chronic  traumatic 
hemothorax,  250 

Peripheral  vascular  failure,  differentiation 
of  wet  lung  from,  21G 

Peristalsis,  significance  of,  in  thoracoabdom¬ 
inal  wounds,  109 
Peritoneal  contamination : 

as  cause  of  death,  in  thoracoabdominal 
wounds,  140 

as  cause  of  oxygen  deficiency,  52 
in  th(»racoabdoininal  wounds,  102, 112, 120 
shock  from,  525 

Peritoneal  fluid,  effect  of,  on  cough  reflex, 
212 

Peritoneal  origin,  of  tension  pneumothorax, 
103-10G 
Perit(tnitis — 

as  cause  of  death,  534 

from  migratory  foreign  body,  TSn 
in  thoracoabdominal  wounds,  140 
as  factor  of  mortality,  450 
in  thoracoabdominal  wounds,  539 
IV'techial  hemorrhages,  in  cardiac  con¬ 
tusions,  GO,  G7 

P(‘lrolatuin-impregnated  gauze,  for  occlusion 
of  sucking  wound.  9 

Pharyngeal  involvement,  in  ecchymotic 
mask,  31 

Phosphorus  burns,  534 
Plirenic  empliraxis,  424 
Phrenic  nerve : 
crushing  of,  120 

in  repair  of  diaphragmatic  hernia,  196 
paralysis,  after  lobectomy,  419 
revision  of,  72 
Plirenicectomy,  537 
Iffiysical  findings,  in — - 
atelectasis,  164 
infolded  lung,  185 
retained  foreign  bodies,  332 
tension  pneumothorax,  151 
Ifiiysical  therapy — 
after  chest  surgery,  407 
in  heniothoracic  empyema,  404 
Physiochemical  changes,  in  hemothorax,  245 
Physiologic  coin])onents,  of  resuscitation.  530 
Physiologic  considerations,  in  diagnosis  of 
thoracoabdominal  wounds,  lOG-108 
Physiologic  disturbances,  in  cardiac  wounds, 
52-53 

Physiology,  of  respiration,  5-8,  208 


Plasma : 

content,  of  organizing  hemothorax,  254,  255 
infusions  of,  before  decortication,  2SS 
loss  of,  in  wet  lung,  209 
replacement  of,  531-532 
after  decortication,  29S 
after  thoracoabdominal  surgery,  126 
at  operation,  114 
excess  of,  213,  229 
in  chronic  empyema,  551 
in  thoracoabdominal  wounds,  112,  537, 
538 

statistics  of,  531-532 
Plastic  peritonitis,  133 
Plastic  repair,  of  pulmonary  hernia,  199 
Ifieura : 

foreign  bodies  in,  393,  394,  407-408,  513, 
526 

injection  of,  in  thoracospinal  wounds,  46- 
47 

late  involvement  of,  in  organizing  hemo¬ 
thorax,  250-251 

penetration  of,  in  compound  fractures  of 
ribs,  12 

trauma  to,  in  wounds  of  chest  wall,  3-4 
Pleural  adhesions,  149 

on  followup  roentgenograms,  522 
Pleural  cavity : 
abscess  of,  273 

drainage  into,  in  cardiac  wounds,  58 
Pleural  contamination ; 

as  cause  of  death,  in  thoracoabdominal 
wounds,  140 

from  spillage  of  gastric  (intestinal)  con¬ 
tents,  115 

in  thoracoabdominal  wounds,  103, 112,  115, 
120, 123-124 

in  transdiaphragmatic  approach,  114 
Pleural  defect,  closure  of,  in  sucking  wounds, 
10 

Pleural  drainage,  in  wound  disruption.  174 
Pleural  effusion,  450 
after  removal  of  foreign  bodies,  394 
after  repair  of  diaphragmatic  hernia,  396 
after  wounding,  507 
in  ecchymotic  mask,  31 
in  wounds  of  chest  wall,  3-4 
Pleural  fluid,  modification  of,  after  trauma, 
248 

Pleural  lavage,  in  thoracoabdominal  wounds, 
120, 124 
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l‘leui*al  space : 

ill  lieinotlioracic  empyema,  272 
stains  of,  in  empyema,  2S1 
Pleural  strueliires,  effects  of  blood  on,  244 
Idenral  tliickeninii' .  on  followup  roent.u'eno- 
jirains,  ">20 

Pleiiroalveolar  involvenu'iit.  in  lironclio- 
pleural  fistulas,  300-170 
Pleuroeuianeous  fistula.  IIS 
Pleuropulmonary  lysis,  2S4-2.S.‘) 
Plenropulnionary  s(>psis,  17S 
Plombieres,  487-508 
IbK'unioneetomy,  IS.  30,  355 
for  actinomycosis,  4o3-432 
for  bronclio.aenic  carcinoma.  524 
for  carcinoma  of  lung,  433 
for  lacerations  of  lung.  530 
for  massive  gangrene  of  lung,  178 
for  migratory  foreign  bodies,  S4n 
for  removal  of  migratory  foreign  bodies. 
78 

for  retained  foreign  bodies,  545n 
for  tubm-culosis,  425 
Pneumonia.  145,  178-170.  215 
after  separation  from  service,  525 
after  tboraeoabdominal  operation.  129 
after  untreated  wet  lung,  210 
as  cause  of  deatli,  533 
ill  thoracoabdominal  wounds.  140 
complicating  clostridial  myositis,  534 
differentiation  of,  from  heinotlKtrax,  200 
in  blast  injuries,  41 
in  crushing  injuries,  30 
in  ec<  hyniotic  mask.  31 
in  thoracoabdominal  wounds,  530 
ill  wet  lung,  23  5 
pulmonary  edema  in,  220 
sulfonamide  therapy  in,  420 
1‘neumonic  episodes,  in  bronchit'ctasis,  437 
Pneumonitis.  345,  105,  178-170.  540 
after  lobectomy,  418 
after  untreated  wet  lung,  210 
aft  er  vret  lung,  502 
antec(‘dent  to  lung  abscess,  178 
as  indication  for  removal  of  retained  for¬ 
eign  bodies,  545 

associated  with  actinomycosis,  431,  432 
delay  of  decortication  for  clearance  of,  2SG 
differentiation  of,  from  pulmonary  hema¬ 
toma.  49G 

ill  crushing  injuries.  30 


Pneumonitis — Continued 
in  fixed  hospitals,  449 
in  head  injuries,  4G 
in  hemothoracic  emiiliyseina,  2GG 
in  retained  foreign  bodies,  340,  544 
Pneumonolysis.  424-425 
Pneumononialacia,  277 
Pneumopericardium,  58.  G5 
after  cardiac  surgery.  95 
Pneumoperitoneum,  110 
P 1  leumo t h 0 ra  X,  5 43 

after  laceration  of  lung.  4G2 
after  operation,  for — - 

diaphragmatic  hernia,  19G 
tubm'culosis,  424 

after  thoiau'oabdoniinal  surgery,  127 
as  cause  of  respiratory  embarrassment, 
112 

as  hemostatic  agent,  107 
associated  with  pneumoiiericardium,  05 
creation  of,  in  pulmonary  herniorrhaphy, 
100 

effect  of,  ill  hemothorax,  273 
in  lironchopleural  fistula,  170 
in  compound  fracture's  of  ribs,  32 
in  crushing  injuries,  30 
in  mediastinal  wounds,  20 
in  wet  lung,  215.  235 
ill  wounds  of  esophagus.  25 
pathophysiologic  efft'cts  of,  2G3 
role  of.  in- 

infolded  lung.  183 
organizing  liemothorax,  24G 
See  alHo  special  varieties. 

Policies : 

evolution  of,  530-533 , 532 
in  European  theater,  535 
in  jMediterranean  theater,  525-527,  535 
governing  return  to  dut.v,  400 
Pontocalne  hydrochloride  anesthesia,  in 
catheter  aspiration,  224 
Portalile  suction  machine,  224 
Portal  vein,  wounds  of,  137 
Position  : 

at  wounding.  413 
changes  of.  in  wet  lung.  217 
effect  of,  in — 

sucking  wounds,  5 
tension  imeumothorax,  149 
thoracoalidominal  wounds,  108 
Positioning — 

at  decortication,  289 
at  intracardiac  surgery,  374 
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rosilioiiing — Coiiliiuied 
}»1  removal  of  migratory  foreign  bodies,  393 
at  roentgenologic  examination,  in  thora¬ 
coabdominal  wounds,  lOS 
at  thoracoabdominal  surgery,  124 
in  blast  injuries,  42 
in  catheter  aspiration,  224,  227 
ill  diagnostic  pneumoperitoneum,  .341 
in  localization  of  foreign  bodies,  336 
in  paravertebral  nerve  block,  221 
Positive  pressure  anesthesia — 
at  decortication,  291,  204 
at  delayed  decortication,  40G 
at  internal  pneumonolysis,  407 
at  removal  of  foreign  bodies,  332 
in  thoracoabdominal  wounds,  113 
Positive  pressure  oxygen,  in- 
blast  injuries,  42 
prevention  of  wet  lung,  229-230 
pulmonary  edema,  102,  .1.33 
thoracoabdominal  wounds,  47 
wet  lung.  220-231,  525 
Postatel  ectatic])neumonia,  104 
Posterior  mediastinotomy,  27 
l^osterolateral  drainage,  in  sucking  wounds, 
11 

Posterolateral  incision,  in  wotuhIs  of 
trachea,  22 

Posterolateral  intercostal  drainage,  127 
Posterolateral  thoracotomy,  in  thoracoab¬ 
dominal  wounds,  117 

Posterolateral  transpleural  incision,  in 
wounds  of  esophagus,  27 
Postintluenzal  empyema,  273 
Postmortem  examinations,  530,  534 
Post  mortem  findings,  in- 
blast  injuries,  3S-39 
cardiac  contusions,  00 
cardiac  wounds,  52,  530 
experimental  blast  injuries,  30-37 
thoracoabdominal  wounds,  538 
wet  lung,  207 

Postoperative  abnormalities,  after  cardiac 
surgery,  94-90 

Postoperative  acute  gastric  dilatation,  157 
Postoperative  atelectasis,  103 
Postoperative  care,  improvements  in,  530 
Postoperative  complications,  of — 
diaphragmatic  hernia,  190 
wet  lung,  207 

Postoperative  deaths,  in  cardiac  wounds, 
97-98 


Postoperative  edema,  of  upper  extremities, 
40 

Postoperative  effusions,  after  removal  of  for¬ 
eign  bodies,  .394 
Postoperative  management — - 
after  cardiac  surgery,  380 
after  decortication,  298-300 
after  lobectomy,  419 
after  primary  thoracotomy,  553 
after  removal  of  foreign  bodies,  329,  394, 
540 

after  vascular  surgery,  4.5-40 
in  diaphragmatic  hernia,  190 
in  fractures  of  scapula,  44 
in  thoracoabdominal  wounds,  125-127,  139 
in  wounds  of  esophagus,  27-28 
Postoperative  pulmonary  hernias,  197 
Postoi)erative  recurrence,  of  intercostal 
hemorrhage,  155 

Postoperative  tension  pneumothorax,  148 
Postoperative  wound  infection,  in  thoracoab¬ 
dominal  wounds,  117 
Postpneumonic  empyema,  238,  272,  273 
decortication  in,  300-301 
Postseparation  adjustments,  to  civilian  life, 
524,  527 

Posttherapeutic  tension  pneumothorax,  148 
Postural  drainage,  before  lobectomy,  418 
I’ostural  management,  of — 
flail  chest,  16 
thoracospinal  wounds,  47 
Postural  therapy,  in  atelectasis,  164 
I*otter-Pucky  diaidiragm,  in  cardiac  wounds, 
53 

P-R  intervals,  279 
Precordial  criinch  (click) ,  20,  .53 
Precordial  friction  rub,  in  cardiac  wounds, 
52 

Precordial  pain,  after  cardiac  surgery,  95 
Precordial  region,  experimental  trauma  to, 
66 

Pre-existent  bronchiectasis,  424 
Pre-existent  respiratory  infections,  213 
Preoperative  bronchoscopy,  .532 
Preoperative  care,  in — ■ 

surgery  for  foreign  bodies,  329 
thoracoabdominal  wounds,  139 
Preoperative  complications,  in  retained 
foreign  bodies,  348-349 
Preoperative  deaths,  in  cardiac  wounds,  97, 
98 

Preoperative  localization,  of  foreign  bodies, 
332 
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1’ rc'opera t i V e  prepa ration — 
for  cardiac  surgery,  89 
for  closure  of  colostomy,  128 
for  dt'corticatioii,  287-288 
for  lobectomy,  418-^19 
for  removal  of  foreign  bodies,  540 
in  tboracoabdomiiuil  wounds,  111-113 
ill  traclieobroncliial  wounds,  22 
Preoperativc  pulmonary  function,  in  clironic 
empyema,  405 

Pressure  symptoms,  in  bronchogenic  cysts, 

437 

Pressure  waves,  in  blast  injuries,  37-38,  39, 
60 

Primary  closure,  of — 

draining  sinuses,  of  chest  wall,  412-413 
sucking  wounds,  541 
Primary  decortication : 
advantages  of,  285 

in  infected  hemothoracic  empyema,  270 
Primary  nerve  tumors,  of  mediastinum,  437- 

438 

Primary  removal  of  foreign  bodies,  544-545 
Primary  suture,  in  sucking  wounds,  9 
Primary  thoracotomy,  525,  543,  551-553 
case  fatality  rates  in,  533 
drainage  after,  553 
empyema  after,  549 
in  European  theater,  535 
in  hemothorax,  540 
in  ^lediterranean  theater,  530 
in  sucking  wounds,  541 
indications  for,  525,  530,  532,  535,  551-553, 
554 

restriction  of,  530 
statistics  of,  532,  551-553 
Primary  wound  closure,  of  parietal  defects, 
183 

Principles,  of — • 

decortication,  288-289 
management,  of  wet  lung,  219 
surgery,  in  intracardiac  foreign  bodies, 
309-370 

Ih'iority  of  chest  surgery,  in  thoracoabdom¬ 
inal  wounds,  02,  113,  114,  110,  122,  541 
Prisoners  of  war,  case  fatality  rates  in,  529, 
533 

Problems,  of  long-term  followup  studies,  443 
Procaine  hydrochloride : 
renctions  to,  221 

topical  application  of,  at  cardiac  surgery, 
370,  379 


Procaine  hydrochloride  block,  of  inferior 
cervical  ganglion,  40 
Procaine  hydrochloride  injection,  of — 
intercostal  nerves,  at  decortication,  297 
pericardium,  48,  90 

Profile  position,  in  localization  of  foreign 
bodies,  330 

Prognosis,  in  cardiac  tamponade,  59-00 
Projection  of  course  of  missile,  154 
in  thoracoabdominal  wounds,  108-109 
Prophylactic  decortication,  315,  317 
Prophylactic  sulfonamide  therapy,  104 
Prophylaxis,  of — 

chronic  empyema,  302-303 
infection,  in  sucking  wounds,  9 
lung  abscess,  175, 177 
pneumonia  (pneumonitis),  179 
postlobectomy  atelectasis,  420 
wet  lung,  210-217 

by  positive  pressure  oxygen,  229-230 
wound  disruption.  174 
Protein  component  of  diet — 
after  decortication.  298 
before  lobectomy,  418 
Protein  component,  of  pleural  fluid,  245 
Protein  deticit.  correction  of,  before  decorti¬ 
cation,  288 

Pseudomonas  infection,  in  organizing  hemo¬ 
thorax,  262 

Psychic  (psychologic)  indications,  for  re¬ 
moval  of  retained  foreign  bodies,  327-328, 
545 

Ps  y  choneur  os  i  s — 

after  separation  from  service,  524,  527 
in  blast  injuries,  474 
in  mediastinal  wounds,  408 
I’sychosomatic  indications,  for  removal  of 
retained  foreign  bodies,  407-408 
I’sychotherapy,  in  management  of  residual 
symptoms,  204 

Psychotic  manifestations,  in  cerebral  anoxia, 
210 

Pulmonary  arteries  : 

foreign  bodies  in,  78,  79n,  394 
migration  of  foreign  bodies  into.  02,  79n, 
84,  388-390,  392,  393,  539 
throml)osis  of,  534 
wounds  of,  209 

Pulmonary  capillaries,  oxygen  deprivation 
of,  in  wet  lung.  209 
Pulmonary  causes  of  death,  533 
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PulDioiiiiry  of — 

head  injuries,  46 
wot  lung,  213 

rulinonary  cripples  in  World  War  1—283, 
303,  313.  31"),  400,  404,  507,  526 
prevention  of,  by  decortication,  280 
rulinonary  damage,  in  thoracoabdominal 
wounds,  103,  537 

Pulmonary  edema,  145, 161-162,  229-230 
after  lobectomy,  420 
after  thoracoabdominal  operation,  129 
as  cause  of  death,  533 
caused  l)y  overhydration,  213 
in  blast  injuries,  32,  41 
in  cardiac  contusions,  68 
in  ecchymotic  mask,  31 
in  thoracoabdominal  wounds,  126,  538 
in  thoracospiiial  wounds,  47^8 
in  wet  lung,  32,  207,  214,  215,  229,  234 
Pulmonary  effects,  of  organizing  hemo¬ 
thorax,  258-259 
Pulmonary  embolism,  140 
as  cause  of  death,  534 
with  retained  foreign  bodies,  349 
Pulmonary  emphysema,  523 
in  blast  injuries,  474 

Pulmonary  function,  after  delayed  decortica¬ 
tion,  405-406 

Pulmonary  hematoma,  in  wet  lung.  214,  216 
Pulmonary  hemorrhage,  269 

in  thoracoabdominal  wounds,  103 
Pulmonary  infarction,  540 
Pulmonary  infection,  in  retained  foreign 
bodies,  327 

Pulmonary  invalidism,  from  wet  lung,  210 
Pulmonary  marsupialization,  393-394 
Pulmonary  parenchyma,  infection  of,  in 
thoracospinal  wounds,  46-47 
Pulmonary  reexpansion,  after  decortication, 
288,  289,  303,  306,  307,  308,  309,  310 
Pulmonary  reserve,  in  bronchiectasis,  416 
Pulmonary  stabilization,  after  wounding, 
328,  329 

Ibilmonary  transudation,  161 

Pulmonary  veins,  approach  to  heart  by,  370 

Pulmonary  vessels  : 

migration  of  chamber  foreign  bodies  to, 
88 

removal  of  migratory  foreign  bodies  from, 
78 


Pulse — 

after  decortication,  298,  306 
in  cardiac  wounds,  53 
in  hemorrhage,  154 
in  hemothorax,  263 
in  myocardial  contusions,  68 
Pulse  pressure,  in  right  heart  failure,  162 
Pulsion  diverticula,  of  esophagus,  439 
Purulent  pericarditis,  95 
Pylorospasm,  28 

Quadruple  ligation,  in  arteriovenous  fistulas, 
46 

Quiet  heart,  in  cardiac  tamponade,  60 

Radiopaque  marking,  of  drainage  tubes,  327n 
Rapido  River,  502 
Rales : 

appearance  of,  after  atelectasis,  164 
in  blast  injuries,  40 
in  wet  lung,  213,  214-215 
Rationale,  of — 

decort ica t ion ,  2 7 9-280 
in  nontraumatic  empyema,  300-301 
lobectomy,  in  bronchiectasis,  410,  417- 
418,  421 

Ray  fungus,  431 
Reactions— 

from  procaine  hydrochloride,  221 
of  chest,  to  trauma,  208 
Rebound  tenderness,  109 
Re(:onditioning,  in — • 
oversea  theaters,  399 
Zone  of  Interior,  400 

Reconstructive  surgery,  in  Zone  of  Interior, 
399 

Records : 

deficiencies  of,  530,  539 
in  thoracoabdominal  wounds,  129 
Rectum,  perforation  of,  128 
Rectus  incision,  in  thoracoabdominal 
wounds,  538 

Recuperative  capacity,  of  lung,  17, 177 
Recurrent  bronchial  obstruction,  in  wet  lung, 
228 

Recurrent  bronchiectasis,  417 
Recurrent  bronchopleural  fistula,  171 
Recurrent  diaphragmatic  hernia,  196 
Recurrent  empyema,  after- 

decortication,  300,  303,  306,  307,  309 
reiiair  of  diaphragmatic  hernia,  196 
secondary  decortication,  310 
Recurrent  laryngeal  nerve,  paralysis  of,  542 


Recurrent  Inii.u'  jil)8cess.  ITS 
Recurrc'nt  spoiitMiieoiis  iiontnbcrcnlons  piieu- 
iiiotliorax.  432 

Recurrent  wonnd  disrnption,  174 
Redel>rid(anent.  in  wound  disruption,  174 
Reexi):insion  of  Inn.ii' : 

after  decortication.  280.  411) 
after  spontaneous  nontuberculous  luieu- 
niotliorax,  432 
by  physical  therapy,  407 
failure  of.  “»32 
in  lieniotliorax,  b()7 

Referred  pain,  relief  of,  by  nerve  I  dock.  223 
Reflt'X  arc.  interi'uption  of.  by  intei’costal 
nc'rve  block.  211)-221 
R(41ex  bronchial  spasm — 
after  trauma.  200 
in  wet  lune:.  222 
ot  coronary  vessels,  GO 
Reflex  stimuli,  in  w(‘t  tun?',  21.1 
Regional  anatomy,  effect  of,  in  sucking’ 
wounds.  1 

Regional  distribution  of  pulmonary  dam¬ 
age.  in  tlioracoalxlominal  wounds,  103 
Regional  incidence  of  eccliymotic  mask.  31 
Regression  in  bronchiectasis,  after  piaiicillin 
tluM-apy.  417 

Regurgitation,  in  wounds  of  esophagus.  28 
R(‘habilitation.  in  Zone  of  Interior,  300.  .141 
Rejections,  for  bromdiiectasis,  410 
Relaxing  incisions,  in  closure  of  sucking 
wounds,  10 

Release  of  adh(>sions — 
at  decortication,  200 
in  infolded  lung,  18.1-1  SO 
Relief  of  pain,  in — • 
blast  injuries,  42 

compound  fractures,  of  ribs,  11, 12 
crushing  injuries,  30 
thoracoabdominal  wounds.  112 
wet  lung.  219 
Remedial  exercises — 
after  decortication.  300 
after  lobectomy,  418 
in  chronic  empyema,  551 
in  infolded  lung,  185 
in  thoracospiiial  wounds,  47 
in  uninfected  organizing  hemothorax,  281 
Reiniremont,  508 

Removal  of  foreign  bodies,  180,  249n,  543 
at  decortication,  282 

from  heart  and  great  vessels,  49-100,  3.53- 
395 


Removal  of  foreign  bodies — Continued 
in  lixed  hospitals,  on  followed-np  casual¬ 
ties,  449 

in  hematoma  of  lung.  100 
in  sucking  wounds,  10 
in  thoracoabdominal  wounds,  137 
in  Zone  of  Interior,  on  followed-up  casual¬ 
ties,  450 

statistics  of,  329 

Renal  complications,  in  l)ronchiectasis,  418 
Renal  failure,  as  cause  of  death,  534 
in  thoracoabdominal  wounds,  140 
Renal  pelvis,  concomitant  wounds  of.  541 
Repair,  of — 

chest  wall  defects,  techiiicpies  of,  412 
diaphragm,  128,  538,  540 
esophagus,  28 
lacerations,  of  lung,  402 
Replacement  therapy : 
after  di'cortication,  298 
after  thoracoabdominal  surgery,  120 
at  operat  ion,  113 
before  decort  ication,  288 
excess  of,  213 
in  blast  injuries,  41-42 
in  cardiac  tamponade,  89 
in  thoracoabdominal  wounds,  112 
injudicious  use  of,  -533 
See  ah^o  special  agents. 

Research  and  Rxj^eriments  Department, 
^linistry  of  Home  Security,  34 
Resection — 

for  carcinoma  of  esophagus,  434 
for  intestinal  wounds,  118 
for  pulmonary  hematoma,  520 
for  pulmonary  lacerations,  526 
for  splenization,  IS 

of  clavicle  (sternum),  in  mediastinal 
wounds,  20 
of  esophagus,  28 

of  joint,  in  costochondral  separations,  11 
of  small  intestines,  118 
Residual  empyema,  after  decortication,  406 
Residual  symptoms,  145,  202-204,  52.3-527 
Resolution,  in — 

organizing  hemothorax,  239,  240,  259-260, 
286-287 

pulmonary  hematoma,  160,  490,  520 
pulmonary  wounds,  17 
Respiration : 

depression  of,  because  of  pain,  211 
in  hemorrhage,  154 
in  hemothorax,  263 
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Respiration — C'ontinucHl 
in  wet  Innc;,  20Tn,  213,  232 
intlnence  of,  in  thoracoalKloininal  wounds, 
10()-nOS 

pliysiology  of,  5-8 
voluntary  restriction  of,  148,  263 
R(‘si)iratory  causes  of  deatli,  533 
Respiratoi’y  crippling,  in  organizing  liemo- 
tliorax,  240 

R(‘spiratory  disturbances,  in — 
blast  injuries,  41 
cardiac  wounds,  52 
Resi)iratory  enibarrassment : 
causes  of,  112 

from  acute  gastri{;  dilatation,  157 
Respiratory  function,  in  cbronic  empyema, 
237 

Response  to  resuscitation,  in  wet  lung,  207 
Responsibility,  for  (cardiac  fatalities,  08-99 
Restlessness,  in — - 
blast  injuries,  39 
wet  lung,  214 

Restriction  of  respiration,  as  reaction  to 
pain,  112,  21 1 
Results,  of— 

conservatism,  in  'wounds  of  lung,  17 
decorti{'a1  ion,  301-303 
delayed  d(K'ortication,  405-40G 
early  thoracentesis,  270-271 
intercostal  nerve  block.  222-223 
lobectomy,  in  bronchiectasis,  421-423 
l)ara  vertebral  nerve  block,  222-223 
removal,  of  foreign  bodies,  349 
rib  resection  drainage,  in  hemothoracic 
empyema,  276-277 
therapy,  in  wet  lung.  232 
Resuscitation,  445,  525 
failure  of  response  to,  535 
in  wet  lung,  210 
improvements  in.  530 
in  blast  injuries,  41-42 
in  cardiac  wounds,  52,  53,  89 
in  hemothorax,  274 
in  myocardial  contusions,  68 
in  sindcing  wounds,  526 
in  tension  pneumothorax,  151 
in  thoracoabdominal  wounds,  102, 111-113, 
139,  537 

in  wet  lung,  207,  217,  223.  502 
thoracentesis  in,  239,  267 
Retraction,  of — 

intercostal  spaces,  in  organizing  hemo¬ 
thorax,  281-282 

mediastinum,  in  infolded  lung,  185 

74(5- 941'  — 05  -  — 


Retrobulbar  hemorrhage,  in  ecchymotic 
mask,  31 

Retroperitoneal  contamination,  as  cause  of 
death,  in  thoracoabdominal  wounds,  140 
Retroperitoneal  drainage,  137-138 
Retroperitoneal  hematoma,  538 
Retroperitoneal  hemorrhage,  131 
Retroperitoneal  infection,  from  missed  cecal 
perforation,  539 
Return  to  duty,  204,  399,  400 
after  blast  injuries,  474 
after  decortication,  303,  306,  307-308,  507 
after  excision  of  tuberculoma,  426 
after  lobectomy,  400,  424 
after  mediastinal  wounds,  548 
afto'r  surgery,  for  retained  foreign  bodies, 
395 

after  thoracentesis,  270 
after  thoracoabdominal  wounds,  476 
of  followed-np  casualties,  450-451 
with  foreign  bodies  in  situ,  325 
Revision,  of  thoracotomy,  404 
Ronchi,  in  wet  lung,  214 
Riardo,  207 

Rib  fractures,  11-16.  212,  413,  451 
effect  of,  on  cough  reliex.  212 
in  crushing  injuries,  30 
in  sucking  wounds,  11 
in  thoracoabdominal  wounds,  102 
in  wet  lung,  232 
in  wounds  of  chest  wall.  3 
management  of,  at  decortication,  289 
wound  disruption  with,  173 
Rib  fragments  : 
as  cause  of— 

bronchopleural  fistula,  170 
subcutaneous  emphysema,  157 
as  secondary  missiles,  64.  66 
cai'diac  wounds  from,  49-50 
excision  of,  at  debridement.  183 
in  bronchopleural  fistulas,  171 
role  of,  in  infections.  240 
Rib  resection : 

at  decortication.  289-290 
avoidance  of,  at  removal  of  foreign  bodies, 
346 

in  osteochondritis.  540 
in  removal  of  foreign  bodies,  394 
in  thoracoabdominal  wounds,  125 
Rib  resection  drainage: 
antecedent  to — 
decortication,  285 
secondary  decortication,  276 


41 


603 


Rib  resoclioii  drainage — Coiiiinuod 
in  einpyenia,  170,  274 
in  lieniotlioracie  enipyeina,  270-277 
in  infected  lieniol  borax,  275,  208 
in  postdecortication  empyema.  300 
in  recurrent  e]npy(nna,  308-310 
in  tlioracospinal  wounds,  47 
in  unilocular  basal  empyema,  270 
in  wounds  of  esopbagus,  28 
indications  for,  285 
Ribs  : 

elevation  of,  in  cougb  mechanism,  211 
fusion  of,  in  empyema,  274 
noninvolvenient  of,  in  Inmiotboracic  em¬ 
pyema,  273 
osteomyelitis  of,  180 
simple  fractures  of,  11-12 
use  of,  in  plunionary  berniorrbapby,  100 
Richter  skin  resistance  teclinirpie,  203 
Right  heart  failure,  161-102,  534 

differentiation  of,  from  wet  lung,  216 
in  wet  lung,  220 
Right  main  stc'in  bronchus  : 
catheter  aspiration  of.  227 
wounds  of,  23 

Right-sided  thoracoabdominal  wounds,  121- 
123, 128 

complications  of,  120 
Rigidity  of  abdomen,  40, 100 
Roni!.  Lt.  ('ol.  (1.  R.,  4()S 
Rol)inson  ureteral  cat  lu'ter.  224 
Roentgc'iiologic  diagnosis,  of  nu'diastinal 
wounds,  20 

Roentgenologic  examination — 

aft(‘r  acute  respiratory  infi'Ctions,  416- 
417 

after  decortication,  303 
after  lobectomy,  410 

after  separation  from  service,  522-523,  524 
after  thoracentesis,  270 
after  thoracoabdominal  surgery,  127 
before  decorticatitm,  288 
before  induction,  416,  425-426,  437 
for  persistent  symptoms,  in  followed-up 
casualties,  203-204,  450 
in  actinomyco.'<is,  432 
in  atelectasis.  164 
in  blast  injuric^s,  41 
in  bronchiectasis,  416,  417-418 
in  bronchogenic  cysts,  437 
in  bronchopleural  fistula,  170,  543 
in  experimental  blast  injuries,  37 
in  cardiac  tamponade,  62 


Roentgenologic  examination — Continued 
in  cardiac  wounds,  51,  53-55,  56,  536 
in  chronic  traumatic  hemothorax.  250 
in  com))ound  fractures  of  ribs,  16 
in  diaidiragmatic  hernia,  1.86, 191 
in  librothorax.  283 
in  lu'inatoma  of  lung.  165,  166,  496 
in  hemothoracic  empyema,  26t>,  276,  285 
in  hemothorax,  244,  263,  286 
in  infolded  lung.  185 
in  lung  absc(‘ss.  429 
in  mediastinal  emphysema,  159 
in  mediastinal  neoplasms,  436 
in  migratory  foreign  bodies,  391-392 
in  organizing  hemothorax,  245,  250,  260, 
265.  281-282 

in  oversea  hospitals,  539 
in  ])ericardial  cyst  s.  438 
in  pericardial  wounds.  65 
in  pneumonitis  (pneumonia),  179 
in  spinal  injuries,  46 
in  sulx'uta  neons  emphysema,  157 
in  thoracoabdominal  wounds,  106,  108,  110, 
122. 138 

in  tracheoesophageal  wounds,  542 
in  tubercuhana.  426 
in  tulx'rculosis.  424,  425 
in  vascular  injurii's,  45 
in  wet  lung.  215-216,  223 
in  wounds,  of— 
esophagus,  26 
lung.  17 

in  retained  foreign  bodies,  72.  80.  326.  327n, 
332-335,  304,  545 

Roentgenologic  localization,  of  foreign 
bodies,  123,  322-335,  408-409 
Roentgenologic  techni(iues,  in  cardiac 
wounds,  53-55 
Rome,  Ga..  401 
Rose,  :\Iaj.  1).  L..  203 
Ross,  J.  iff.,  34 

Rotation  of  lu'art,  at  operation,  01 
Ru])ture,  of — - 

alveoli,  in  blast  injuries,  30 
eardrums,  in  l)last  injuries,  41 
subphrenie  abscess,  130 
traumatic  aneurysm,  of  subclavian  artery, 
214 

viscera,  in  crushing  injuries,  30 
Ritsso-Japanese  War.  107 

Sabotaged  alcoholic  bev('rages,  430 
Saint  Ln.  357 
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Sainl-RapliRoL  442 
Salerno,  441,  442 

Salting’-out  phenonioiion.  in  lieinotliorax,  245 

Samsox,  Et.  Col.  P.  C.,  18, 153.  271),  529 

Saxgek,  Lt.  Col.  W.  P.,  23,  520 

Satellite  tnberciiloma,  420 

Sanerbrocli  grip,  91 

SCAUDTXG,  J.  G.,  310 

Scapula : 

fractures  of.  12,  44-45,  413 
in  follo^ye(I-np  casualties,  451 
osteomyelitis  of,  179 

Scapular  region,  wounds  of.  108-109.  445 
Scar  tissue  formation,  about — 
bronchopleural  fistulas.  543 
fractures.  180 
Scliede  thoracoplasty,  275 
SciiiFF,  Capl .  C.  A.,  442 
Screening,  of  inductees,  149,  410 
Screening  technifiues.  in  tuberculosis,  424. 
Secondary  closure  of  wound,  in  chronic 
parietal  sinuses,  181 
Secondary  decortication,  308 
after  rib  resection  drainage,  277 
in  lieniotboracic  empyema.  270 
statistics  of,  310 
Secondary  drainage,  in — - 
bronchopleural  fistulas,  543 
chronic  empyema,  540,  551 
lung  absce.ss,  178 
thoracoabdominal  wounds,  470 
Secondary  hemorrhage,  244 
after  cardiac  surgery,  93 
after  removal  of  retained  foreign  bodies. 
349 

after  thoracentesis,  209 
as  cause  of  death,  530 
from  azygos  vein,  530 
in  cardiac  wounds.  92 
in  retained  foreign  bodies,  348 
in  wounds  of  liver,  119 
Secondary  intention,  healing  l)y,  450n 
Secondary  malignant  neoplasms,  433 
Secondary  surgery,  after  primary  thora¬ 
cotomy,  553 

Secondary  wound  closure,  in  chronic  parietal 
sinuses,  181 

Secretory  function,  of  tracheobronchial  tree, 
208 

Sedation,  in  pathogenesis  of  wet  lung,  212- 
213 


Segmental  lobectomy,  103, 170,  324 
for  luberculoma,  425-420 
in  pulmonary  hematoma,  490 
in  iiulmonary  lacerations.  402,  526 
Selection  of  patients,  for  decortication,  281 
Sejj.oks,  T.  H.,  248 

Sensorium,  dulling  of,  by  morphine,  219 
Separation  from  service,  for — 
empyema,  243 
tubc'rculosis.  424 
Sepsis,  in  bronchiectasis,  416 
Septic  embolus,  after  lobectomy,  420 
Septicemia,  286 
Sequelae,  of — 

combat-incurred  wounds,  399-413 
retained  foreign  bodies,  328 
vascular  injuries,  45 
Sequestration,  in — 

compound  fractures  of  ribs,  12 
traumatic  osteomyelitis,  179 
Sequestredomy,  in  osteomyelitis  of  scapula, 
180 

Serratus  anteilor,  44,  290 
Serum  albumin,  in  blast  injuries,  42 
Serum  i^rotein  determinations,  in  thoraco¬ 
abdominal  wounds,  126 
Seventh  U.S.  Army,  101,  442,  502 
SiTEFTS.  Lt.  Col.  L.  M.,  22,  44,  47,  101,  124, 
154,  155,  529 
Shock : 

after  lobectomy,  420 

antecedent  to  hemodioracic  empyema,  274 
as  cause  of  death,  533,  536 

in  thoracoal)dominal  wounds,  140 
associated  with  wet  lung,  207 
classification  of,  531 
clinical  picture  of,  216 
degrees  of,  531 

differentiation  of  right  heart  failure  from, 
162 

effect  of  thoracentesis  in,  267 
effect  of  wet  lung  in.  210 
front,  in  l)last  injuries.  37 
in  blast  injuries,  39,  41—12 
in  cardiac  wounds,  53 
in  crushing  injuries,  30 
in  hemothorax,  .535,  541 
in  pericardial  wounds,  96 
in  sucking  wounds,  9 

in  thoracoabdominal  wounds,  108, 112.  122. 
525,  537,  538,  539 

in  wet  lung,  214,  219.  222,  229-230 
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Sliock — Goiitiimed 
of,  o81 

pnlinoiiary  edema  in.  21() 

rcdation  of,  to  lower  nepliroii  nephrosis, 

rm 

Shorta.?es,  of— 

anesthetic  equipment,  118 
thoracic  surgeons,  in  Pacific  Ocean  areas, 
400 

whole  blood,  531 

Shonlder  girdle,  fractures  of,  44-45 
Shoulder,  immobilization  of,  in  fractures  of 
scapula,  12 

Shoulder  pain,  in  thoracoabdominal  wounds, 
109 

Sicilian  campaign,  441 
Sicily,  520.  531 
Sigmoid,  wounds  of,  123 
Signs.  S'cc  Clinical  picture. 

Silent  resonant  chest,  151 
Silk  sutures,  180 

in  repair  of  <liaphragm,  ISO,  100 
Simple  frac'tures,  of  ribs,  11-12 
Simple  hemothorax,  management  of,  207- 
271 

Sinus  f(trmation,  in  infections  of  liver,  118 
Sinus  of  Valsalva,  388 

Sinus  tracts,  management  of,  at  decoi’tica- 
tion,  295 

Sinus (es),  of  chest  wall.  145.  180-181,  400, 
401,  412-413,  507,  540 
in  World  War  I.  507 

Sinusitis,  associated  with  bronchiectasis, 
41 S 

Site  of  entry  of  missile,  in  thoracoal)domi- 
nal  wounds.  102, 103 

Size  (shai)e),  as  indication  for  removal  of — 
retained  f(U-eign  bodies,  .320,  320,  348,  380, 
305,  407.  408,  545 

intracardiac  foreign  bodies,  3G0-.307 
Size  of  wound  : 

as  indication  for  forward  thoracotomy,  440 
effect  of,  on  sucking.  5 
Skin,  in  repair  of  chest  wall  defects.  412 
Skin  resistance  tests,  203 
Skull  fracture,  530 
Small  intestine : 
evisceration  of.  530 
herniation  of.  into  chest,  103 
iucidt'uce  of  wounds  of,  .541 
wounds  of.  103.  110.  118,,  537 
Snyder.  Col.  PI.  E.,  113 
Snyder,  Lt.  Col.  J.  M.,  32. 103 


Soft  tissues,  wounds  of,  533 
Solid  viscus  { era ) ,  wounds  of.  100, 130 
Somatovisceral  reflex,  in  wet  lung,  207-208 
South  African  War,  197 

Southern  Phmnce,  landings  in,  173,  442,  520 
Spasm,  of — 

bronchioles,  in  blast  injuries,  42 
intercostal  muscles,  in  blast  injuries,  39 
Si)ecial  investigations,  of  forward  surgcu-y, 
441-442 

Spinal  cord,  wounds  of,  140.  105,  5:i3 
Spinal  injuri(‘s,  40-48 

Spine,  fractures  of.  in  followed-up  casual¬ 
ties,  451 
Spleen : 

exploration  of.  528 
herniation  of.  into  chest.  103 
incidence  of  wounds  of,  541 
W(tunds  of.  103.  108,  100,  115,  118.  122, 
130,  137,  537 

Splenectom.v,  118,  123,  125.  127.  1.30.  538 
Splenic  th'xure.  wounds  of,  115,  110.  127-128, 
135 

Spleiiizntion.  18 
Splenomegaly,  534 
Si)lit-thickness  skin  grafts,  in — 
draining  sinuses  of  chest  wall,  413 
repair  of  chest  wall  defects,  412 
Spontaneous  nontuberculous  pneumothorax. 
432 

Spontaneous  pneumothorax.  402 
Spontaneous  pulmonary  hernia.  107 
Spontaneous  resorption  in  organizing  hemo¬ 
thorax,  250 

Spot  films,  in  localization  of  foreign  bodies. 
330 

Spur  colostomy,  123 
Sputum,  in — 

bronchiectasis.  417,  418,  421 
lung  abscess,  420 
wet  lung.  213-215 
St.  Louis,  443 
Stab  wound  (s) ,  531 

as  cause  of  diaphragmatic  hernia.  101 
drainage  in  wounds  of  kidney.  538 
for  exteriorization  of  colon.  538 
of  heart.  40,  84-85 
pulmonary  hernia  after,  107 
Staged  surger.v.  in  chronic  hemothorax,  275 
Staphylo(a)ccic  infection — 

associated  with  actinomycosis.  431 
in  organizing  hemothorax.  201. 262 
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staphylococcic'  postpncaiiuonic  empyema.  4:->() 
^ta}}hif}(>(:<>cc\iH  aurcihs  empyema,  31  322 

Stasis,  ill  eccliymotic  mask,  31 
Staten  Tslancl.  402 
Statistics,  529-554 

2(1  Auxiliary  Suruical  Group.  442-443,  .>29- 
534 

5th  Auxiliary  Surgical  Group,  534-539 
actinomycosis,  431 

anatomic  location  of  retained  foreign 
bodies,  353-355 
aspiration  in  hemothorax.  271 
autotransfusion,  532 

bacteriology  of  organizing  hemothorax, 
201-262 

blast  injuries,  32-33,  41 
blood  replacement,  531-532 
bi’onchiectasis,  415-424 
bronchogenic  cysts.  437 
bronchopleural  hstulas,  171 
bronchoscopy  iu  thoracoabdominal 
wounds,  125 

bronchosi)iro.metry  in  bronchiectasis,  421 
carcinoma  of — 

c'sophagus,  434-430 
lung.  433 

cardiac  deaths,  534 
cardiac  lacerations,  09-70 
c'ardiac  tamponade,  59,  00,  61 
cardiac  wounds,  52,  94—99,  536 
causes  of  death,  2d  Auxiliary  Surgical 
Group, 533-534 
chronology  of  deaths,  534 
clostridial  myositis,  534 
complications  of — 
hepatic  wounds,  129 
thoracoabdominal  wounds.  129,  538 
concomitant  wounds,  533 
contusions  of  heart,  05-07 
deaths  from  blast  injuries.  534 
dc'aths  in  fixed  hos])ltals.  527 
de])ridenient.  532.  533 
deco r t i c a t i on ,  300-3 1 1 
delayed  decortication,  405-400 
diaphragmatic  hernia,  1S6-196 
drainage  in  thoracoabdominal  wounds, 
121 

eccliymotic  mask.  31,  32 
empyema,  241-243,  549-551 
followup  studies,  long  term.  441-527 


Statistics — Continued 
foreign  bodies,  327,  393-395,  407-408,  •:)13, 
544 

in  (about)  great  vessels,  380 
in  (al)out)  heart,  94 
in  Mediterranean  theater,  348-351 
hemorrhage,  153-154,  530 
as  cause  of  death,  534 
hemothoracic  empyema,  240 
hemothorax,  239,  507.  530,  540-549 
hernia  of  lung.  197 

incision  in  thorac'oabdominal  wounds.  537- 
n3  S 

infected  hemothorax,  207-308 
initial  wound  surgery  in  forward  hospi¬ 
tals,  535 

intercostal  nerve  block,  532 
intra-abdominal  wounds,  110  -111 
intravenous  migration  of  foreign  bodies, 
390-391 

Kennedy  General  Hospital  Thoracic  Sur¬ 
gery  Center,  539-554 
lobectomy  for — 

bronchiectasis,  418,  419 
pulmonary  tu])erculosis,  425 
location  of  wounds,  531,  535 
lung  abscess,  175-177 
malignant  neoplasms,  433 
mediastinal  neoplasms,  430-438 
mediastinal  wounds,  in  followed-up  cas¬ 
ualties,  468 
media stinitis,  534 

migratory  foreign  bodies,  78,  380-381,  388- 
391,  392 

myocardial  contusions,  60-67,  68 
negative  explorations,  110-111 
neurogenic  tumors  of  mediastinum,  437- 
438 

organizing  hemothorax.  240.  307-308,  401 
penetrating  (perforating)  cardiac  wounds, 
71-72 

penetrating  wounds,  534-535 
perforating  wounds.  534-535 
pericardial  wounds,  04-65 
plasma  replacement.  531-532 
pneumonectomy  for  tuberculosis,  425 
post  mortem  examinations,  534 
postseparation  diseases,  524—525 
postseparation  followup,  522-525 
preoperative  bronchoscopy,  532 
primary  thoracotomy,  532,  533,  551-553 
pulmonary  complications,  165 
pulmonary  embolism,  534 
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Stjitistics- — (’oiitiiiiu'd 
pnliiionary  rosectioii,.  18-19 
removal  of  foreign  bodies,  320 
replacement  therapy — 
at  operation,  114 

ill  tlioracoabcTominal  wonnds,  112 
secondary  decortication,  310 
secondary  hemorrliage,  244 
shock, 531,  533 

in  thoracoabdominal  wonnds,  112 
spinal  injuries,  46 

spontaneous  iiontnbercnlons  pneumotho¬ 
rax.  432 

Slicking-  wounds,  535 
tension  pneumothorax,  14S,  532 
thoracentesis,  532 

thoracoabdominal  wounds,  21,  101,  102, 
117. 136-141,  534,  537-530,  541-542 
time  of  death,  in  cardiac  wonnds,  97-98 
timelag,  532,  535 
wet  lung,  502 

wound  disruption.  173-174 
wounding  agents,  531-535 
wounds  of — 
chest  wall,  451 
esophagus,  24 
great  vessds,  85 
lu'art.  49-50 
lung. 18-10 

Sea  alJio  Incidence;  Deaths;  Case  fatality 
rates ;  Mortality,  etc. 

Status  of  casualties,  returned  to  Zone  of  In¬ 
terior,  390-400,  404-405 
Stead,  E.  A.,  Jr.,  89 
Steering  wheel  injuries,  of  chest,  (15 
Stem  bronchus,  catheterization  of,  227 
Steps,  of  decortication,  291-294 
Stereoscopy,  332 

Sternoclavicular  disarticulation,  155 
Sternoclavicular  injuries,  12 
Siernum ; 
division  of,  in — 
cardiac  surgery,  90 

removal  of  migratory  foreign  bodies.  302 
fractures  of,  30,  212,  451,  540 
resection  of,  in  mediastinal  wounds,  20 
Slethoscopic  findings,  in  wet  lung,  211—215 
Stomach : 

evisceration  of,  539 
herniation  of,  into  chest,  186, 191, 193 
incarceration  of,  in  diaphragmatic  hernia, 
193 


Stomach — Continued 
incidence  of  wounds  of,  541 
perforation  of,  112 

wounds  of,  26,  103,  108.  115,  118,  123,  149, 
537 

Strain,  as  pi*ecipitating  cause  of  diaidirag- 
matic  hernia,  191 
Strapping,  in  — 
rii)  fractures,  11, 12 
thoracdspinal  wounds,  47 
wet  lung,  219 

Stkaus.  R.,  380,  391.  392 
S 1  r ep 1 0 cocc ic  i nf ectio n — 
associated  with  actinomycosis,  131 
in  organizing  hemothorax,  261,  262 
Streptococ(‘i('  postpiUMiinonic  (onpyi'ina,  430 
Streptomycin,  in  actinomycosis,  432 
Stricture,  of  esophagus,  439,  542 
Subplirenic  al)scess.  ll.S,  122,  540.  542 
after  thoracoalidominal  operation,  129 
in  hepatic  lacerations,  129 
in  thoracoabdominal  wounds.  129, 130-131 
Subplirenic  space  : 
drainage  of,  542 
foreign  bodies  in,  394 
infection  of,  123 
Subscapular  al)scess.  44 

Sub.scapular  damage,  in  compound  fractures 
of  ribs.  16 

Suliscapular  fractures,  44 
Suliscapularis.  use  of.  in  wouml  closure,  1S3 
Sulisternal  pain,  in  wounds  of  I'soiiliagus,  25 
Sucking  wounds,  5-11,  112.  123.  234,  269.  326. 
445,  513.  526,  536.  540 
after  wound  disruption,  174 
as  indication  for  primary  thoracotomy, 
535,  554 

associated  with  thoracoalidominal  wounds, 
537 

closure  of,  112, 174,  526 
debridement  of,  9, 10,  52.  535,  541 
differential  dia, gnosis  of,  22 
differentiation  of,  from  wounds  of  esopha¬ 
gus,  25 

emergency  occlusion  of.  9-10, 174 
hemothorax  in,  401,  546 
in  followed-up  casualties,  451 
management  of,  9-11,  541 
nomenclature  of,  5 
of  diaphragm,  116, 136 
pathophysiology  of,  5-8 
priority  of  mana.gement  of,  541 


INDEX 


607 


Sucking'  wounds — Continued 
tension  pneuinotliorax  in,  14S 
^Yet  lung-  in,  217 
wound  disruption  in,  173 
wounding  agents  in,  037) 

Suction  wave,  in  l)last  injuries,  38 
Suicide,  attempts  at,  430 
Sulfadiazine,  in— 
actiiioinycosis,  432 
pneumonia.  170 
Sulfonainid(‘  tlierapy,  241,  412 
after  tlu)racoal)doniinal  surgery,  12<) 
in  actinomycosis,  431 
in  blast  injuries,  42 
in  decortication,  307 
in  liemothoracic  empyema.  310 
in  organizing  hemothorax,  247 
in  pneumonia,  428.  420 

ill  prophylaxis  of  pneumonitis  (pneu¬ 
monia),  104, 170 
in  sucking  Avounds,  11 
Superior  vena  cava  : 
exposure  of,  375 
laceration  of,  85,  153 
obsti’uction  of,  20 

Suppression  of  cough  reflex,  in  wet  lung,  217 
Suppuration,  in — 

massive  pulmonary  gangrene,  178 
organizing  hemothorax,  250,  202-263 
Suppurative  iiericarditis,  540 
Suppurative  pleuritis,  in  organizing  liemo- 
thorax,  247,  203 

Supraclavicular  area,  wounds  of,  413 
Suprasternal  incision,  in  mediastinal  em¬ 
physema.  20 

Surgery  Branch,  Office  of  The  Surgeon  Gen¬ 
eral,  400 
Surgery : 

in  mediastinal  emphysema,  150 
timing  of,  in  blast  injuries,  42 
Surgical  approach,  in — 
thoracoabdominal  AA^ounds,  114-110,  537- 
538 

Avounds  of  esophagus,  345 
Surgical  Consultants  Division,  Office  of  The 
Surgeon  General.  400,  407 
Surgical  risk — 
in  bronchiectasis,  421 
in  cardiac  contusions,  08 
in  cardiac  Avounds,  08 
in  concomitant  Avounds,  533 


Surgical  risk — (font  inued 
in  empyema,  274-275 
in  World  War  I,  274 
in  mediastinal  tumors,  438-430 
in  myocardial  contusions,  07 
in  pneumonectomy  for  tuberculosis,  435 
in  primary  decortication,  270 
in  remoA'al  of  parietal  pleura,  280 
in  Avet  lung,  207 
of  decortication,  287 
of  lobectomy  for — 

1 ) roiud  1  i ec t a s is ,  420 
lung  abscess,  420 

Surgical  teams,  2d  Auxiliary  Surgi('al 
Group,  520 

Suture  material,  as  cause  of  chronic  pari(4al 
sinuses.  180 

Sutui-e  of  lung,  in  sucking  Avounds.  10 
Suture  of  Avounds — 
of  lung,  17-18 

in  closure  of  diaghragm,  120,  180-180,  100, 
542n 

in  pulmonary  herniorrhaphy,  100 
Suture  technicpies,  in — 
cardiac  surgery,  01-03 
draining  sinuses  of  chest  Avail.  412-413 
intracardiac  surgery,  372-373,  374 
SwAix,  B.  H.,  34 
Savkut,  R.  H.,  28 

Sjunpathetic  nei'A^es,  transmission  of  affiu'ent 
impulses  by,  210 

Sympathicoblastoma,  of  mediastinum,  437 
Symphysis,  betAveen — 

costophrenic  pulmonary  fringe  and  dia- 
pliragmatic  pleura,  184 
costophrenic  pulmonary  fringe  and  medi¬ 
astinum,  184 

diaphragmatic  surfaces  and  visceral 
pleura,  207 

pleura  and  peel  in  organizing  hemothorax, 
240,  258-250,  287 

Symptom-free  retained  foreign  bodies,  325 
Symptoms — 

after  separation  from  service,  145.  202- 
204,  522-527 

of  pulmonary  hernia,  control  of,  108 
Sec  also  Clinical  picture. 

Synpneumonic  empyema,  280n 
in  World  War  I,  275n 
Systolic  murmurs,  in  cardiac  Avounds,  52 
Systolic  pressure,  in  myocardial  contusions, 
08 
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Tachycardia,  in — 

cardiac  coidusions,  00 
cardiac  wonnds.  52,  53 
iid  racardiac  foreign  JK)di<\'^.  350 
wet  Inng,  210 
Tacoma.  510 
Tactick'  frt'iiiitus.  in — 
infolded  Inng.  1S5 
w(d  king.  214 

Tangential  wonnd(  s),  04, 145 
in  tlail  chest.  10 
O'aiitalnni  plate (s),  in — 
clu‘st  wall  d(‘fects,  412 
pnlnionary  hernia.  100 

Til  INIED  fWar  Department  Technical  lUil- 
letin)  — 

No.  00.  22  July  1044-420-430 
Xo.  147,  March  1045—85 
T(K'hni(ine  (  s  )  — 

in  left-sided  thoracoabdominal  wounds. 
124-125 

in  thoracoabdominal  wounds,  114-110. 
117-121 

of  angiocardiography.  408-400 
of  asi)iration.  in  pericardial  wounds,  04 
of  Ik'rman  localization,  of  retained  foredgn 
bodies,  408 

of  bronchos(‘opic  aspiration.  220 
of  carbon  dioxide  inhalati{un  232 
of  cardiac  surgiu’y.  80-03 
of  catheter  aspiration,  in  wet  lung,  224- 
227 

of  closure,  of^ — 
cliest  wall.  204 
diaphragm.  110-120 
sucking  wounds.  10-11 
wonnds  after  disruption.  174 
of  colostomy.  12S 
of  decortication.  280-208.  540 
of  delayed  decortication.  400 
of  diagiiost  ic  pneumoperitoneum,  344 
of  drainage — 

after  decortication,  208 
in  bile  empyema.  120-130 
in  subph rente  abscess,  130 
in  thoracoabdominal  wounds,  120-121 
in  wounds,  of  liv(‘r,  110,  122-123 
of  esoi)hageal  reiiair,  27 
of  exploratory  thoracotomy,  402 
of  extrapleural  approach,  in  thoracoab¬ 
dominal  wounds.  122 


Techni(iue  (s)— (’ontinued 
of  hemostasis,  155 

of  intercostal  catheter  drainage,  in  bron- 
cho])h*nral  listulas,  170 
of  intercostal  nerve  block,  211-222 
of  internal  ])n(‘umonolysis,  407 
of  lobectomy,  410 

of  localization,  of  foreign  bodies,  332-340 
of  i)aravert<'bral  nerve  block,  221-222 
of  partial  decortication,  in  World  War  I — 
274 

of  pericardial  repair,  05 

of  positive  pressure  oxygen  therapy.  220 

of  pulmonary  herniorrhaphy.  100 

(»f  pulmonary  suture.  17 

of  reniOA'al,  of — 

foreign  bodies,  340-348 
intracardiac  foreign  bodies.  370-375 
mediastinal  tumors,  43S 
migratory  foreign  bodies,  302-303 
of  repair,  of — 

che.st  wall  d(Tects.  412 
diaphragmatic  hmaiia.  100 
draining  sinu.ses  of  clu^st  wall,  412-413 
of  roentg(uiologic  examination,  in — 
foreign  bodies,  332-335 
wet  lung.  215 

of  rotation  of  heart,  at  operation.  01 
of  surgery — 

for  empyema,  in  World  War  I — 274 
for  parietal  defecds.  183 
in  chronic  parietal  sinus<'s,  180-181 
of  thoracentesis,  200-270 
of  tracheal  repair.  22 
of  wedge  reseedion,  18 
aS'cc  e/.s'O  Incisions  :  ^Management, 

Tempera  tui’e — 

after  decortication.  208,  300 
in  atelecdasis,  104 
in  hematoma  of  lung,  100 
in  hemothoracic  empyema,  200,  270,  283, 
288 

in  iiitl'cted  organizing  hemothorax,  282 
in  organizing  hemothoi-ax.  247 
in  wet  lung,  214 

Tmideriu'ss  in  abdomen,  in  cdiest  wounds,  100 
Tension,  effecd  of  closure  under,  11 
Tension  pneumothorax,  145-152,  150,  532, 
530,  540 

after  occlusiou  of  sucking  wounds,  0,  11, 
541 

as  cause  of  death,  534 
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Tension  pneiiinothorMX — Continued 

as  indication  for  primary  tlioracotomy, 
o3o,  554 

association  of,  with  subcutaneous  em¬ 
physema,  157 

in  bronchopleural  fistula s,  140,  170,  171 
in  lacerations  of  lung,  4G2 
in  mediastinal  wounds,  20 
in  thoracoabdominal  wounds,  542 
in  wet  lung,  217.  220-230 
in  ^vounds,  of  major  bronchi,  21 
incidence  of,  14S-149,  532 
management  of,  20, 151-155 
of  peritoneal  origin,  103-100 
pathogenesis  of,  140 
priority  of  management  ot,  541 
Teratoid  tumors,  of  mediastinum,  437 
Teratoma,  of  mediastinum,  430,  437-43S,  439 
Terrain,  in — 

^Mediterranean  theater,  442 
Pacific  Ocean  areas,  300 
Testing  of  diaphragm,  522 
Theater  holding  policies,  400 
Therapy,  complications  of,  541 
Thickening  of  ])leura,  absence  of,  in — 
early  organizing  hemothorax,  250-251 
infected  hemothorax,  250 
Thoracentesis,  201,  203,  327,  507,  532,  530, 
540,  553,  554 
after  operation,  554 
after  i^rimary  thoracotomy,  553 
after  thoracoabdominal  surgery,  127 
clotting  of  blood  after,  230 
hemorrhage  after,  535 
in  bronchopleural  fistulas,  170 
in  chronic  hemothorax,  23S 
in  diagnosis  of  hematoma  of  lung,  100 
in  evacuation  hospitals,  117 
in  field  hospitals,  230 
in  hemothorax,  230,  540 
in  infected  hemothorax.  275 
in  infolded  lung,  185 
in  post])neumonic  empyema,  430-431 
in  resuscitation,  207 
in  thoracoabdominal  wounds,  120,  122 
in  thoracospinal  wounds,  47 
in  tracheobronchial  wounds,  22 
in  uninfected  organizing  hemothorax,  281 
inadeciuate  use  of,  240 
indications  for,  207 
prevention  of  em})yema  by,  241 
quantitative  aspects  of,  200 


Thoracentesis — Continued 
results  of,  270-271 
technique  of,  209-270 

wound  disimption  after  omission  of,  173 
l^cv  alf<o  Aspiration, 

Thoracic  aorta,  foreign  bodies  in,  354 
Thoracic  approach,  in  thoracoabdominal 
wounds,  114 

Thoracic  component,  of  thoracoabdominal 
wounds,  139 
management  of,  117 
Thoracic  ducts,  wounds  of,  103,  525 
ITioracic  surgeons : 

assignments  of,  102,  400 
shortages  of,  in  Pacific  Ocean  areas,  400 
Thoracic  surgery,  develoiniient  of,  between 
World  Wars,  392 
Thoracic  surgery  centers : 

at  Kennedy  General  Hospital,  189 
chronic  empyema  in,  430 
deaths  in,  530 
decortication  in,  287 
foreign  bodies  in,  348 

in  Mediterranean  theater,  399.  441,  449 
in  United  Kingdom  Base,  399 
lung  abscesses  in,  429 
management  of — 

intracardiac  foreign  bodies  in.  88 
postpneumonic  empyema  in,  301 
removal  of  migratory  foreign  bodies  in, 
88 

surgery  for  tuberculosis  in,  424-425 
Thoracic  Sui'gical  Team  Xo.  4.  2d  Auxiliary 
Surgical  Group,  442,  440 
lT)oracic  surgical  teams,  of  2d  Auxiliary 
Surgical  Group,  529 

ITioracic  symptoms,  in  thoracoabdominal 
wounds,  109 

Thoracoabdominal  wound (s).  101-141.  525. 
520,  52911,  534,  540 
acute  gastric  dilatation  in,  157 
anatomic  considerations  in,  139 
anesthesia  in.  113-114 
as  indication  for  forward  surgery,  102 
associated  with — 

cardiac  wounds,  97,  98,  99 
myocardial  contusions,  08 
wounds  of  auricle,  89 
blast  injuries  in,  33 
cardiac  contusions  in,  08 
cardiac  injuries  in,  50,  52 
case  fatality  rates  in,  138-139,  520,  537 
complications  of,  128,  129-133,  538 


Tiioi’aco;ibcI(»iiiin;il  woniuT  (.s) — Contiiuied 
conconiitniit  wounds  with,  140-141 
definition  of,  101 
diagnosis  of,  106-110 
disruption  of  chest  wounds  in,  173 
drainage  in,  120-121 
em]iyeina  in,  242-243 
exploration  in,  110-111 
factors  of  mortality  in,  138-141 
following  studies  in,  445,  44G,  451,  470-406 
incidence  of.  101 

infectious  pnlmouar.y  complications  with, 
179 

influence  of  respiration  in,  106-108 
in  Zone  of  Interior  hospitals,  541-542 
lethality  of,  101, 102 
management  of,  101-102. 106 
mortality  of,  in  followed-up  casualties, 
450 

nomenclature  of,  101 
pathologic  process  in,  102-106 
posto])erative  management  of,  125-127 
jireoperative  preparation  in,  111-113 
priority  of  surgery  in,  62 
resuscitation  in,  111-113 
statistics  of,  21,  101,  102, 117,  136-141,  534, 
537-530 

surgical  approach  in,  111-116 
technirpie  in,  114-116, 117-121 
tension  pneumothorax  in,  148 
time  of  death  in,  140 
transthoracic  approach  in,  137-138 
wet  lung  with,  211,  216 
8'cc  aUo  special  organs. 

Th  ora  col  a  pa  r  o  tom  y ,  117 
wet  lung  after,  502 
Thoracoplasi  y,  44,  406,  407 
in  chronic  empyema,  551 
Thoracospinal  wounds,  46-48 
Xlioracotomy : 

bronchoscopy  before,  228-229 
for  removal  of  clot  in  hemothorax,  278 
hemorrhage  as  indication  for,  269 
in  l)ronchopleural  fistula.  171 
in  clotted  hemothorax.  239 
in  compound  fractures  of  ribs,  16 
in  forward  hospiials,  foreign  bodies  as 
indications  for,  328 

in  thoracoalidominal  wounds,  116-117,  537- 
538 

intercoastal  nerve  block  at,  222,  223 
on  unnecessary  indications,  313 
revision  of,  404 
8cc  also  special  types. 


Xlirombophlebitis.  after  removal  of  retained 
foreign  bodies,  349 
Thromboplastin,  248 
Thrombosis — 

aft(‘r  cardiac  surgery,  91-92,  03 
as  cause  of  death  in  intracardiac  foreign 
bodies,  356 

in  cardiac  contusions,  66 
in  cardiac  wounds,  63 
of  coronary  artery,  68,  98 
of  pulmonary  artery,  534 
Thrombus,  in  heart,  378 
Through-and-tlirough  wounds,  of  heart,  93 
Thyoma.  of  mediastinum.  436,  438 
Thyroid  adenoma,  438 
Tidal  air : 

relation  of.  to  vital  capacity,  5 
recpurcuiients,  S 

Tidal  respiration,  decrease  of.  as  response  to 
pain,  211 

Timelag.  111-112, 113,  532,  535 
effect  of,  on  wound  infection.  451 
in  decortication,  309 
in  mountain  flghting,  213 
in  Pacific  Ocean  areas,  400 
in  secondary  decortication,  285.  310 
in  thoracoabdominal  wounds,  137 
Timing,  of — 

aspiration,  in  wot  lung,  223 
closure,  of  colostomy,  128 
decortication,  129,  249-251,  259-260,  286- 
287,  309,  315,  317,  322,  406  -107,  549 
drainage,  in  empyema,  549-551 
removal,  of— 

drains,  after  thoracoabdominal  surgery, 
127 

intracardiac  foreign  bodies.  72,  326,  328- 
332, 349-351 

secondary  decortication,  310 
surgery — ■ 

in  Idast  in.iuries.  42 
in  cardiac  contusions,  68 
in  cardiac  wounds,  67,  72,  88-89 
in  myocardial  contusions,  68 
in  thoracoabdominal  wounds,  102,  111- 
112,  113,  122 
overseas,  507 

Tissue  necrosis,  in  hemothorax,  273 
Topical  anesihesia,  in  l)ronchoscopic  aspira¬ 
tion,  229 

Total  empyema,  273 

after  open  thoracotomy,  551 
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Total  gastreetomy,  434 
Total  piilinoiiary  atelectasis,  KJo 
Tourniquet,  use  of,  in  right  heart  failure,  .102 
Toxicity,  in — 

heniothoracic  empyema,  200,  2T4,  283.  285 
infected  organizing  hemothorax,  282 
Trjichea  : 

attachment  of  bronchogenic  cysts  to,  437 
carlton  dioxide  in  air  from,  in  sucking 
wounds,  8 

malignant  neoplasms  of,  433 
wounds  of,  11),  20,  21—24,  14.),  408,  o2..),  o34, 
540,  542 

Tracheal  deviation,  in  ateledasis.  104 
Tracheal  obstruction,  as  cause  of  death,  533 
Traclnnil  rattle,  in  w(4:  lung,  214 
Tracheol)ronchial  aspiration,  113,  125,  104, 
228,  400,  532.  533 
ill  thoracospinal  wounds,  47 
TracheobroiK'hial  obstruction.  See  Wet 
lung. 

Trachenbrondiial  suction,  in  wound  disrup¬ 
tion,  174 

Tracheobronchial  tree,  involuntary  evacua¬ 
tion  of,  208-200 

Tracheobronchial  wounds,  management  of, 
22 

Tracheobronchitis.  105 

after  untreated  wet  lung.  210 
Tracheoesophageal  tistula,  28 
Tracheoesophageal  wounds,  542 
Tracheotomy,  in — 
flail  chest,  10 

mediastinal  emphysema,  150 
tension  pneumothorax,  140 
tracheoesophageal  wounds.  542 
Traction  diverticula  of  esophagus,  430 
Traction  : 

effect  of,  in  wounds  of  chest,  45 
in  flail  chest.  16 

Traction  ]nanagement  of  fractures,  after  de¬ 
cortication,  300,  300 
Traffic  accidents,  11, 101 

Transdiaphragmatic  approach,  in  thoraco¬ 
abdominal  wounds,  114-116,  121-122,  123- 
125 

Transfusion.  See  Blood  replacement. 
Transpleural  pneunionotoiny,  303-304 
removal  of  foreign  bodies  in,  304 
technique  of  cardiac  surgery  in,  00 


Transportability ; 

after  primary  thoracotomy,  553 
clarification  of,  530 
in  compound  fractures  of  ribs,  12 
in  sucking  wounds,  0 

in  thoracoabdomimil  wounds,  101-102,  111, 
113,  446 

in  wet  lung,  .501-502 

Transportation,  closed  intercostal  drainage 
during,  404 

Transthoracic  approach,  135. 136 
in  diaphragmatic  hernia,  106 
in  thoracoabdominal  wounds,  123-124, 
137-138,  537-538,  541-542 
Transudates : 

excessive  production  of,  after  wounding, 
200 

in  organizing  hemothorax,  247 
in  wet  lung.  200,  215,  227.  220 
in  wounds  of  chest  wall,  3—1 
Transverse  colectomy,  434 
Transverse  colon,  wounds  of,  116 
Trauma : 

as  cause  of  atelectasis.  163 
effect  of  degree  of,  in  organizing  hemo¬ 
thorax,  246 

Traumatic  amputation  (s) .  43,  141.  533 
Traumatic  aneurysm,  of  subclavian  artery, 
244 

Traumatic  colostomy,  131-132 
OT-aumatic  osteomyelitis,  145, 170-180 
in  Zone  of  Interior,  401 
Traumatic  pleuritis,  3—1 
Traumatic  pulmonary  hernia,  107-202 
Traumatic  thoracotomy,  181-183,  445-446. 
525,  532 

exploration  through,  in  thoracoabdominal 
wounds,  110 

in  followed-up  casualties,  44.5^46 
in  mediastinal  wounds,  468 
in  sucking  wounds,  10,  526 
in  thoracoabdominal  wounds.  116-117,  121 
in  wounds,  of  major  bronchi,  21 
removal  of  foreign  bodies  through,  513 
Treitz,  ligament  of,  123 
Triage : 

improvements  in,  530 
of  sucking  wounds,  in  clearing  stations,  9 
Triangular  ligament,  125 
TiiinnY,  Capt.  AV.  AA5,  32,  38,  50 
Tricuspid  valve,  wounds  of,  536 
Teopea,  Maj.  F.  Jr.,  32, 103 
Tuberculomas,  425-426,  438 
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Tnlierculosis,  424-4j!S 
nftor  atelectasis,  165 
aftc'r  combat  wounds,  165ii 
after  separation  from  service,  524 
complicating  combat-incniTed  wounds, 
426-428 

phrenicectomy  for.  537 
pneumothorax  in,  341 

Tuberculous  empyimia,  decortication  in,  301 
Tunisian  campaign,  520,  530 
Tunxi:!!.  (J.  G.,  366 
Ti-  ri  LK,  Maj.  AY.  M.,  306-307 
Tympanum,  perforation  of,  in  iilast  injuries, 
473.  526 

TTcer,  of  esophagus.  430 
Unliealed  wounds,  management  of,  at  de- 
(‘ortication,  2S0 

Uninfecti'd  organizing  hemothorax,  as  indi¬ 
cation  for  decortication.  2S1-2S2 
rnited  Kingdom  Rase,  155 
VTiited  States.  Zone  of  Interior. 

Ununited  fractures,  as  cause  of  chronic  pa¬ 
rietal  sinuses.  ISO 

Uiipm-  rc'spiratory  infections,  antec(‘dent  to — 
atelectasis.  163 
wounding,  533 
IhmAX.  J.  A..  438 
Urinalysis,  in — 

diagnoslic  routine,  100 
low  thoracic  wounds,  541 

AT-igal  irritation,  in  wounds  of  esophagus,  2S 
Vagosympathetic  imbalance,  66 
ATigovagal reflex. 126,  534 
as  cause  of  death,  in  thoracoabdominal 
wounds,  140 

A'alley  Forge  General  Hospital.  475 
ATincouver.  405 
ATirices.  of  esophagus.  430 
A'ascular  occlusion,  by  migratory  foridgn 
bodies,  302 

A'ascular  wound  ts),  45-46,  85 
AVorld  Avars,  302 
ATiscular  wound  ( s) ,  45-46,  85 
associati^d  with  abdominal  wounds.  537- 
538 

effects  of.  in  wet  lung.  211 
fistula  formation  after,  277 
V-E  Day,  442 

A'elocity  of  shock  front,  in  blast  injuries,  37 


Vena  cava : 

foreign  liodies  adjacent  to,  304 
migration  of  foreign  bodies  in,  391 
mural  thrombi  in,  SO 
wounds  of,  137,  534 
Venafro,  474 
Venesection,  in — 
blast  injuries,  41 
right  heart  failure.  162 
A'einms  pressure,  in — 
cardiac  tamponade,  50-60 
pericardial  wounds.  65 
ATntriclets)  : 

control  of  hemorrhage  from,  02-03 
contusion  of,  66-67,  68,  60-70 
(‘xposure  in  wounds  of,  00 
foreign  bodies  embolic  to.  388-389 
foreign  liodies  in,  88.  353,  354 
lacerations  of,  60-70 

migratimi  of  foreign  bodies  to,  300-301, 
303 

removal  of  foreign  bodies  from.  370-373 
stab  wounds  of,  84-85 
wounds  of.  58,  71-72.  08-00,  536 
ATiitricular  failure,  in  cardiac  tamponade, 
63 

Vcuitricular  fibrillation,  378-370 
ATntricular  tachycardia,  378-370 
Vertebrae,  fi-actures  of.  46 
A'ertebral  column,  foreign  bodies  in,  304 
Veterans'  Administration,  101,  327n,  424, 
443.  507,  524,  527 

Veterans'  Administration  Regional  Office, 
Los  Angeles,  443 
ATolet  (de  Lyon),  286 

ATsi'era.  rupture  of,  in  crushing  injuri(‘s.  .30 
A'isceral  pleura  : 

in  organizing  hemothorax.  250-251,  256, 
258 

management  of,  at — • 
decortication.  207 
delayed  decortication,  406 
removal  of  rieel  from,  288 
Visual-radiopaipie  localization,  of  retained 
foreign  bodies,  408 
Vital  capacity — 

after  chest  wounds,  203 
in  flail  chest,  12 
in  sucking  wounds,  5-8 
Vitamin  C  content,  of  blood.  418 
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Vitamin  therapy — 

after  thoraeoalKlominal  surgery,  120 
before  lobectomy,  41S 
in  ohronic  empyema,  551 
Vittel,  480,  40:-’> 

Vosges  Alouiitains,  442 
Vomitus.  aspiration  of.  5H4 
Vulnerability  of  abdominal  viscera,  537 

Walter  Reed  General  Hospital,  197,  199,  202, 
204,  4()(),  401,  405,  407,  408,  410,  424,  428, 
432,  405,  499,  523 
Wandering  pacemaker,  379 
AVangensteen  decompression,  133,  157 
AVaxc.kxstekx,  O.,  117n 
AVAinnjKG.  E.,  00 
AVaukex,  J.  V..  89 
WAiniEX,  :\r.  F.,  101,  209 
Vhishington,  D.C.,  405,  400 
V'ater-seal  decompression,  in — 
tension  imenmothorax,  151, 530 
tracheobronchial  wounds,  22 
AVater-seal  drainage — 
after  decortication.  303 
after  lobectomy.  419 

after  primary  thoracotomy,  549,  553,  554 
after  removal  of  foreign  bodies,  347 
in  broncho] Oeural  fistulas,  170, 171 
in  clotted  hemothorax,  239,  205 
in  diaphragmatic  hernia,  190 
in  hemothorax.  239 
in  ])ostdecortication  empyema,  300 
ill  sucking  wounds.  11,  541 
in  thoracoabdominal  wounds,  120-121 
in  wounds  of^ — 
esophagns,  28 
liver.  122 

AScr>  (ih^o  Closed  drainage. 

Watsox.  W.  I..,  4:58 

AVedge  resection  of  lung.  IS,  280,  347.  523 
for  tuberculoma,  420 
AA>t  lung.  207-230.  328.  513,  525 

after  thoracoabdominal  surgery,  125, 120 
antecedent  to— 

acute  massive  atelectasis,  210-211 
atelectasis,  103 

pneumonitis  (pneumonia),  179 
as  cause  of  death,  533 
atrophine  administration  in,  231 
bronchoscopic  aspiration  in,  227-229 
carlion  dioxide  inhalations  in,  232 
case  fatality  rates  in,  232 
catheter  as])iration  in,  223-227 


AAhd  Inng — Continiu'd 
chest  pain  in,  232 
clinical  picture  of,  213-215 
concept  of,  207-208,  501 
diagnosis  of,  215-210 
differential  diagnosis  of,  210 
effl'ct  of — ■ 

anesthesia  on.  212-213 
sedation  on.  212-213 
etiology  of,  211-213 
followup  studi(‘S  on,  501-506 
improvements  in  care  of,  530 
in  atelectasis,  164—165 
in  cardiac  contusion,  68 
in  compound  fractures  of  ribs,  12 
in  contusion  of  chest  wall.  4 
in  crushing  injuries,  30 
in  pulmonary  hematoma,  496 
in  thoracoabdominal  wounds,  109. 112,  -538 
in  wounds  of  chest  wall.  3 
incidence  of,  211,  501,  502 
intercostal  nerve  l)lock  in.  115-116 
management  of,  179,  217-232,  501-502,  532 
nomenclature  of,  208 
pathogenesis  of,  208-211 
pathophysiology  of,  208-211,  217 
pulmonary  edema  in,  32 
role  of.  in  hemothorax,  248-249 
wound  disru])tion  in,  173 
AAdiite  clot,  in  organizing  hemothorax.  248, 
249.  253,  255 
Wire  sutTires,  180, 183 
AAff ring  of  fractures,  of  clavicle,  11 
AVooi),  P.,  64 
AA'orld  AA^ar  I : 

atelectasis  in,  208 

chest  cripples  in,  283,  303.  313,  315,  400, 
404,  507,  524 

chest  wall  defects  in.  412 
chronic  empyema  in,  240,  301 
concept  of  splenization  in,  IS 
ecchymotic  mask  in.  31 
empyema  in,  273-275,  275n,  280-281 
incidence  of  retained  foreign  bodies  after, 
.325 

infectious  pulmonary  complications  in,  178 
investigation  of  empyema  in,  280 
laparotomy  incision  in,  117 
management  of  empyema  in,  274 
massive  atelectasis  in,  502 
migratory  foreign  bodies  in.  7Sn 
pulmonary  hernia  in,  197 
pulmonary  tuberculosis  in,  424 
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sequelae  of  chest  wounds  in,  525 
status  of  soldiers  in,  149 
studies  of  sucking-  wounds  in,  5-S 
traumatic  osteomyelitis  in,  179 
wound  infection  in,  412 
wounds  of  heart  in,  49,  53 
Wound  closure,  after — 
decortication,  298 
removal  of  foreign  bodies,  347 
Wound  disruption,  145, 173-174 

after  thoracoabdominal  operation,  129, 
538 

in  wounds  of  liver,  119 
management  of,  174 
Wound  infection : 

after  decortication,  30G,  307 
after  removal  of  foreign  bodies,  349 
followup  studies  on,  451 
in  thoracoabdominal  wounds,  538 
in  wounds  of  colon,  115 
incidence  of,  412 
prevention  of,  by  penicillin,  284 
with  acid-fast  bacilli,  427-428 
Wound (s)  : 

classification  of,  3-48 
of  abdomen,  141, 1G5,  529,  533 
of  aorta,  534 

of  brachial  plexus,  46,  413 
of  brain,  140 
of  bronchus,  149,  532 
of  cardiac  chambers,  71-72 
of  cecum,  539 
of  chest  wall,  3^,  238,  329 
of  colon,  103,  IIG,  118,  123,  538,  541 
of  coronary  artery,  536 
of  costal  cartilages,  412 
of  descending  colon,  IIG,  127-128 
of  diaphragm,  101-141, 149,  293 
followup  studies  on,  446 
of  duodenum,  121, 123,  538 
of  entry,  in  Ihoracoabdominal  wounds,  537 
of  esophagogastric  junction,  125 
of  esophagus,  103  149,  525,  526,  532,  534, 
540,  542 

of  gallbladder,  103. 121 
of  great  vessels,  525,  532 
of  head. 103,  573 

of  heart  (pericardium),  20,  49-100,  244, 
353-395,  525,  532,  534,  540 
of  hepatic  flexure,  123 
of  hollow  viscera.  109.  115, 139, 140 
of  ileum.  123 


Wound  ( s )  — (. 'ontinued 
of  inferior  vena  cava,  539 
of  innominate  artery,  244 
of  internal  mammary  vessels,  244 
of  kidney,  103,  109,  115,  118,  121,  137,  541 
of  larynx,  145 

of  liver,  103,  109.  115,  121-123,  128,  137, 
538,  539.  541 
of  lung.  243-244,  248 
of  mediastinum,  139,  149,  525,  526,  532 
followup  studies  on,  468-473 
of  myocardium.  64,  65,  97 
of  pancreas,  118,  538 
of  portal  vein.  137 
of  pulmonary  artery,  269 
of  sigmoid.  123 

of  small  intestine.  103, 110, 118,  537,  541 
of  soft  tissues,  533 
of  solid  viscera,  109, 139 
of  spinal  cord,  140, 165,  533 
of  spleen.  103,  108,  109,  115.  118.  122,  136. 
137,  541 

of  splenic  flexure.  115 
of  stomach,  26.  103,  108,  115,  118,  123,  149, 
537 

of  subclavian  artery,  244 
of  thoracic  duct.  103,  525 
of  trachea,  145,  525,  534,  540.  542 
of  vena  cava,  137,  534 
of  ventricles,  97 

Sec  alrso  speciflc  varieties  and  areas. 

Wounding  agents,  240,  325-326,  401,  531,  535, 
536 

effects  of,  in  wet  lung,  211 

in  blast  in.iuries,  33 

in  cardiac  wounds,  49-50,  58 

in  defects  of  chest  wall.  181 

in  diaphragmatic  hernia.  191 

in  followup  studies.  445 

in  hemothorax.  273 

in  migratory  foreign  bodies,  381 

in  tension  pneumothorax,  149 

in  thoracoabdominal  wounds,  136,  537-538 

pressure  effect  of,  in  atelectasis,  163 

role  of,  in  organizing  hemothorax,  246 

Wroughton.  383 

Wyley,  :\ra.i.  R.  H.,  22 

Yugoslavia,  241 

Zone  of  Interior,  85,  130 
absence  of  wet  lung  in.  502 
cardiac  surgery  in,  88-89 
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Zone  of  Interior — Continued 
chronic  parietal  sinuses  in,  180 
closure  of  colostomy  in,  128 
decortication  in,  287,  541) 
deferred  lobectomy  in,  11.) 
diaphragmatic  hernia  in,  180, 189-100 
disposition  in,  400 
empyema  in,  242,  551 
evacmation  to,  after — 

decortication,  300,  308,  300 
rib  reseclion  drainage,  308 
evaluation  of  overs(‘a  surgery  in,  539-554 
foreign  bodies  in,  78,  88,  513,  543-540 
hemothoracic  empyema  in,  507 


Zone  of  Interior — Continued 
hemothorax  in,  549 
lung  abscess  in,  175 
malignant  neoplasms  in,  433 
pulmonary  hematoma  in,  490 
pulmonary  lacerations  in,  402 
reparative  surgery  in,  in  followed-up 
casualties,  450 
residual  symptoms  in,  202 
status  of  returned  casualties  in.  399,  400 
thoracoal)domiiial  wounds  in,  541-542 
vascular  surgery  in.  40 
wound  sequelae  in.  399-413 
ZucivEUMAX,  S.,  34,  37,  38 
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